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eneral introduction
Chapter 1  |  General introduction
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The	 prostate	 is	 an	 exocrine	 gland,	 located	 beneath	 the	 urinary	 bladder	 in	men.	 It	 is	
walnut-sized	and	produces	prostatic	fluid	which	plays	a	role	in	the	function	of	seminal	











cancer	 in	a	more	advanced	stage	and	therefore	 less	 likely	to	be	curable4.	Furthermore,	
PSA	has	a	low	specificity	of	25-40%	in	the	so-called	‘grey	area’	of	PSA	levels	4.0-10.0	ng/
mL,	 resulting	 in	 a	 high	 negative	 biopsy	 rate5,6.	Moreover,	widespread	 PSA	 testing	 has	
led	 to	 the	diagnosis	of	 clinically	 insignificant	prostate	 tumours,	 resulting	 in	potential	
overtreatment.	Therefore,	the	need	for	more	specific	and	prognostic	biomarkers	persists.
OUTLINE OF THE THESIS
Chapter 2	 gives	 a	 short	 history	 of	 prostate	 cancer	 biomarkers,	 an	 overview	 of	 the	
established	 prostate	 cancer	 biomarkers	 PSA	 and	 PCA3;	 and	 promising	 novel	 prostate	
biomarkers	(tissue	markers,	blood	markers	and	urine	markers):	TMPSS2-ERG,	Ki-67/MIB1-
Labeling	 Index,	 PTEN,	 E-cadherin,	 EZH2,	 neuroendocrine	 phenotype,	 microRNAs	 and	
circulating	tumour	cells	(CTCs).
Multiparametric	 3	 tesla	 MRI	 is	 being	 used	 increasingly	 in	 the	 diagnostic	 process	 of	
prostate	 cancer.	 This	 MRI	 examination	 consists	 of	 anatomic	 (T2W)	 images,	 dynamic	
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can	 further	 improve	 the	diagnostic	accuracy.	 In	chapter 4,	we	present	 the	 results	of	a	
large	prospective	multicenter	study	that	evaluated	the	diagnostic	and	prognostic	value	
of	 Progensa	 PCA3	 and	 TMPRSS2-ERG	 gene	 fusions	 for	 prostate	 cancer,	 as	 individual	
markers	and	as	a	biomarker	panel.
Progensa	PCA3	aids	 in	 the	diagnosis	of	prostate	 cancer.	However,	 its	prognostic	 value	
seems	limited.	Therefore,	biomarkers	that	can	be	used	to	identify	patients	with	clinically	




Patients	with	 advanced	 prostate	 cancer	who	 undergo	 chemical	 or	 surgical	 castration	
will	 ultimately	 experience	 a	 relapse,	 this	 state	 is	 called	 castrate-resistant	 prostate	
cancer	 (CRPC).	Treatment	options	 for	CRPC	patients	are	 limited.	The	main	 issue	 in	 the	
management	 of	 CRPC	 and	 development	 of	 new	 therapies	 is	 the	 lack	 of	 surrogate	
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Traditionally,	 clinical	 diagnosis	 and	management	 of	 the	 individual	 patient	 are	 based	
on	 clinical	 cohort	 based	 studies.	 The	 heterogeneity	 within	 ‘risk	 cohorts’	 can	 still	 be	
considerable	which	 impairs	 decision	making	 for	 an	 individual	 patient.	 Therefore,	 we	
urgently	 need	 improved	methods	 to	 accurately	 predict	 the	 biological	 behaviour,	 and	
therapy	response	for	well	stratified/homogeneous	groups	of	patients.	In	the	last	decade	






non	coding	RNAs,	 including	microRNAs.	This	enables	us	to	 identify	the	 individual	 in	a	
different	way	from	the	way	we	did	before.	These	advances	have	marked	the	beginning	
















In	 prostate	 cancer,	 prostatic	 acid	 phosphatase	 (PAP)	 is	 considered	 the	 first	 known	
biomarker.	 This	 enzyme	 was	 discovered	 to	 be	 increased	 in	 men	 with	 metastasized	
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biomarker	in	prostate	cancer.	The	introduction	of	PSA	has	resulted	in	earlier	detection	
of	 the	disease,	but	also	has	 important	 limitations.	 Its	use	 in	screening	and	prognosis	
















The	 GWAS	 studies	 have	 revealed	 at	 least	 genetic	 loci	 that	 are	 associated	 with	 an	
increased	chance	to	develop	prostate	cancer.	The	observed	relative	risks	are	insufficient	
to	individualize	diagnosis3,	yet	may	be	of	use	for	pre-selection.	This	chapter	will	focus	
on	 established	 biomarkers	 and	 promising	 novel	 biomarkers	 identified	 by	 molecular	
profiling	studies,	arranged	by	tissue	markers,	blood	markers	and	urine	markers.
Table 1  Different diagnostic substrates for prostate cancer biomarkers
Diagnostic substrates Invasive Clinical decision
Urine - Biopsy
Blood - Biopsy
Biopsy specimen + Treatment
Prostatectomy specimen 
(Gleason score + pTNM) ++ Adjuvant treatment
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TISSUE MARKERS
Once	 tissue	 is	 available,	 important	 decisions	 have	 already	 been	 made,	 either	 a	
biopsy	 has	 been	 taken	 or	 the	 gland	 was	 surgically	 removed.	 Thus,	 the	main	 clinical	
need	 is	 to	 accurately	 predict	 the	 biological	 behavior	 of	 the	 malignant	 process.	 In	





























in	 31%	 of	 African	American	men	 and	 only	 in	 16%	 of	 Japanese	men7.	 Rearrangements	
with	other	Ets	transciption	factors	have	been	identified	in	approximately	5-10%	of	PSA	
19
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screened	prostate	cancers:	ETV1	(ETS	variant	1	gene),	ETV4	and	ETV58-10.	 In	addition	to	
TMPRSS2,	 other	 fusion	 partners	 involved	 in	 ETS	 fusions	 have	 been	 identified.	 Their	
possible	clinical	relevance	is	not	clear.
As	 a	 result	 of	 gene	 fusion	with	 TMPRSS2,	 the	 expression	 of	 ERG	 becomes	 androgen	
regulated	and	thus	overexpressed.	ERG	expression	can	be	detected	in	prostate	cancer	
patients	by	 immunohistochemistry	with	a	high	specificity	of	>95%	and	 is	not	seen	 in	
benign	 prostate	 epithelium11,12.	 This	 suggests	 ERG	 immunostaining	 could	 be	 a	 solid	











Expression	of	 the	Ki-67	protein	 is	 strictly	 associated	with	 cell	 proliferation.	 Ki-67	has	
therefore	 been	 extensively	 studied	 for	 its	 potential	 use	 as	 a	 proliferation	marker	 in	
different	types	of	cancer,	 including	prostate	cancer.	 Its	name	 is	derived	from	the	city	
of	origin	 (Kiel)	 and	 the	number	of	 the	original	 clone	 in	 the	96-well	 plate20.	 Ki-67	 can	
be	determined	by	 immunohistochemistry	using	the	monoclonal	antibody	MIB-1.21	The	
proportion	 of	 tumour	 cells	 staining	 positive	 for	 Ki-67	 is	 known	 as	 the	 Ki-67	 labeling	
index.	 This	 proved	 to	 be	 an	 independent	 and	 significant	 prognostic	 biomarker	 for	
prostate	cancer-specific	survival22,23.	Furthermore,	the	Ki-67	labeling	index	has	repeatedly	




PTEN	 (Phosphatase	 and	TENsin	homologue)	 is	 a	 tumour-suppressor	 gene,	 located	on	
chromosome	10q2327.	This	gene	plays	a	key	role	in	carcinogenis.	PTEN	antagonizes	the	
PI-3K/Akt	 pathway	 and	 thereby	modulating	 cell	 growth/survival	 and	 cell	 migration/
adhesion28.	 In	 prostate	 cancer,	 PTEN	 loss	 has	 been	 associated	with	 proliferation	 and	








preserving	 epithelial	 integrity35.	 Their	 function	 is	 dependent	 on	 calcium,	 hence	 their	
name	 (‘calcium-dependent	 adhesion’).	 E-cadherin	 is	 the	 most	 extensively	 studied	
member	 of	 the	 cadherin	 family.	 During	 cancer	 progression	 to	 an	 invasive	 state,	
intercellular	 adhesions	 between	 tumour	 cells	 are	 disrupted.	 Thus,	 aggressive	 tumour	
cells	were	hypothesized	to	have	 loss	of	E-cadherin.	And	 indeed,	decreased	E-cadherin	
expression	has	repeatedly	been	shown	to	correlate	with	a	loss	of	tumour	differentiation	
and	 a	 poor	 prognosis36-38.	 This	 correlation	 has	 been	 shown	 for	 several	 tumour	 types,	
including	 prostate	 cancer.	 However,	 large	 prospective	 studies	 will	 have	 to	 define	





of	 histone	 H3	 lysine	 27	 (H3K27),	 leading	 to	 repression	 of	 transcription	 and	 thereby	
silencing	 of	 gene	 expression39,40.	 EZH2	 is	 upregulated	 in	 various	 aggressive	 tumours,	
including	 prostate	 cancer41-43.	 Furthermore,	 it	 mediates	 transcriptional	 silencing	 of	
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treatment	 in	 patients	with	 prostate	 cancer,	 and	 in	 1994	 as	 a	 diagnostic	marker.	 It	 is	
currently	the	only	widely	used	marker	for	prostate	cancer.
PSA,	also	known	as	kallikrein	3	or	hK3,	is	a	serine	protease	that	is	a	member	of	the	family	
of	 glandular	 kallikrein-related	 peptidases.	 The	 genes	 for	 the	 glandular	 kallikreins	 are	
clustered	at	chromosome	19q133-4	and	transcription	of	PSA	is	regulated	by	androgens46.	




a	 continuous	 layer	of	basal	 cells	 and	a	basement	membrane	which	prevent	 the	high	
concentrations	of	PSA	in	the	prostate	to	leak	into	blood.	High	PSA	blood	levels	can	be	
caused	by	an	elevated	synthesis	or	an	increased	release	of	PSA	into	blood.	An	elevated	
PSA	 synthesis	 can	 be	 a	 result	 of	 benign	 prostatic	 hypertrophy	 (BPH)	 and	 prostate	
manipulation48,49.	 PSA	 expression,	 ergo	 PSA	 synthesis,	 is	 slightly	 decreased	 in	 the	
development	and	progression	of	prostate	cancer50.	Therefore,	as	is	seen	in	prostatitis,	
the	 increased	 PSA	 blood	 levels	 in	 prostate	 cancer	 are	 assumed	 to	 be	 a	 result	 of	 an	
increased	release	of	PSA	into	blood	through	the	disrupted	architecture	of	the	prostate.	
Despite	extensive	research,	difficulty	persists	 in	defining	the	optimal	cutoff	value	for	










Furthermore,	 this	 will	 most	 likely	 lead	 to	 a	 higher	 number	 of	 unnecessary	 biopsies	
and	 an	 increased	 detection	 of	 clinical	 insignificant	 prostate	 cancer.	 Other	 factors	 of	
influence	on	PSA	blood	level	is	ethnic	background	and	the	use	of	medication.	Men	from	











Risk	 calculators	 including	 several	 predictive	 factors	 to	 stratify	 patients	 for	 prostate	
biopsy	have	been	developed.	Two	well	known	calculators	that	are	online	available	are	
the	PCPT	and	 the	ERSPC	 risk	 calculator63,64.	 The	first	 includes	 serum	PSA,	DRE	 results,	
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suspicious	 for	 cancer.	 However,	 the	 value	 of	 this	 test	 remains	 controversial67.	 PSA	












decision	making	before	 treatment	 in	 early-stage	prostate	 cancer73.	 PSA	dynamics	 are	











used.	Note	 that	 free	PSA	 is	 less	 stable	 than	 complexed	PSA,	 causing	greater	 analytic	
variability.	 Suboptimal	 blood	 sample	 handling	 can	 considerably	 influence	 free	 PSA	
levels76.
Free	PSA	exists	in	different	molecular	isoforms,	including	pro-PSA,	BPH-associated	BPSA	
and	 intact	 free	PSA77,78.	Several	studies	 report	significantly	higher	 levels	of	pro-PSA	 in	
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Human	 kallikrein	 2	 (hK2)	 and	 Urokinase	 Plasminogen	 Activation	 (uPA)	 are	 potential	













gene	 expression	 post-transcriptionally.	 MiRNAs	 bind	 to	 complementary	 sequences	
within	messenger	RNAs	(mRNA)	to	alter	their	translation	by	inhibiting	their	translation	
or	inducing	the	cleavage	of	specific	target	mRNAs91.	In	most	cases,	miRNAs	‘fine-tune’	
protein	 expression	 (only	 a	 modest	 reduction	 of	 the	 target	 mRNA	 concentration)92.	
Occasionally,	it	causes	upregulation	or	complete	destruction	of	the	target	mRNA92-94.
MiRNAs	 are	 known	 to	 regulate	 common	 cellular	 targeted	 pathways	 (intracellular	
signaling,	DNA	repair	and	cellular	adhesion/migration)95-97,	androgen	signaling98-100	and	
apoptosis	avoidance101,102.	The	exact	role	of	miRNAs	in	the	development	and	progression	








In	 castrate	 resistant	prostate	 cancer	 (CRPC),	CTC	number	before	and	after	 treatment	
is	an	independent	predictor	of	survival.	This	is	a	strong	predictor	both	as	a	continuous	
25
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variable	and	when	using	discrete	cutoff	values	(≥5	CTC/7.5ml	of	blood	vs.	<5	CTC)108-110.	
Post-treatment	 CTC	 number	 showed	 to	 be	 a	 stronger	 prognostic	 factor	 for	 survival	
than	a	50%	decline	in	PSA	(AUC	0.87	vs.	0.62).	CTCs	are	approved	by	the	Food	and	Drug	






In	 1999,	 Bussemakers	 et	 al.	 first	 identified	 and	 characterized	 the	 differential	 display	
clone	3	(DD3,	later	called	PCA3)	gene,	to	date	one	of	the	most	prostate	cancer	specific	
genes112.	PCA3	 is	non-coding	RNA	and	 located	on	chromosome	9q21-22.	 Its	 function	 is	
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The	 clinical	 utility	 of	 PCA3	 and	 its	 additional	 predictive	 value	 beyond	 PSA	 has	 been	
extensively	studied.	PCA3	has	been	validated	as	a	reliable	predictor	of	prostate	cancer	
at	 initial	 or	 repeat	 biopsy113,115-118.	 Currently,	 a	 cutoff	 value	 of	 35	 is	 used,	 resulting	 in	 a	






















In	 summary,	 TMPRSS2-ERG	 is	 a	 fusion	 of	 TMPRSS2	 (the	 androgen-regulated	 trans-
membrane	 protease,	 serine	 2)	 to	 Ets	 family	 genes	 (oncogenic	 transcription	 factors).	






was	 reported,	 resulting	 in	 a	 positive	 predictive	 value	 of	 94%130.	 Although	 not	 (yet)	
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Value of P A3 to predict 
biopsy outcome, and 
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PCA3	 (Prostate	 CAncer	 gene	 3)	 and	 multiparametric	 3	 tesla	 MRI	 are	 new	 promising	





3	 tesla	 MRI	 of	 the	 prostate	 was	 performed	 in	 163/591	 patients.	 The	 PCA3-score	 was	
correlated	 to	biopsy	results	and	MRI	outcome.	The	results	show	that	PCA3	was	highly	
predictive	 for	 biopsy	 outcome	 (p<0.001),	 there	was	no	 correlation	with	Gleason	 score	
upon	biopsy	(p=0.194).	The	PCA3-score	of	patients	with	a	suspicious	region	for	prostate	
cancer	 on	MRI	was	 significantly	higher	 (p<0.001)	 than	 in	patients	with	no	 suspicious	
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resulting	 in	 a	 high	 negative	 biopsy	 rate	 of	 60-75%3.	 Novel	 diagnostic	 approaches	 are	
required	 to	 improve	our	ability	 to	detect	prostate	cancer	and	 to	 identify	better	which	
patients	 require	 (repeat)	 prostate	 biopsy.	 PCA3	 (Prostate	 CAncer	 gene	 3)	 and	 3	 tesla	
multiparametric	magnetic	resonance	imaging	(MRI)	are	new	promising	diagnostic	tools	
in	the	detection	of	prostate	cancer.













contrast-enhanced	 (DCE)	 MRI,	 diffusion	 weighted	 imaging	 (DWI)	 and	 proton	 MR	
spectroscopic	 imaging	 (MRSI).	 These	 techniques	 have	 a	 high	 accuracy	 (80-90%)	 to	
detect	prostate	cancer	 in	 the	gland10-13,	 if	 read	by	an	experienced	 radiologist.	A	 recent	
study	 showed	 promising	 results	 for	 discrimination	 among	 different	 aggressiveness	
classes14.	However,	due	to	additional	expenses	and	limited	availability	compared	to	the	



















was	 an	 elevated	 PSA	 level,	 a	 family	 history	 of	 prostate	 cancer	 or	 previous	 negative	








MRI	 consisted	 of	 a	 combination	 of	 anatomical	 T2-weighted	 T2W	 images	 with	 the	
following	 functional	 imaging	 modalities	 DWI,	 DCE	 MRI	 and	 MRSI15,16.	 MRI	 was	 read	
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RESULTS






(p<0.001)	 and	 20	 (p<0.001).	 PCA3	was	 elevated	 (≥35)	 in	 222/591	patients,	 of	which	 162	














   P value
Age (median, yrs) 64 65 63   0.0230a
DRE suspicious 117 90 27 <0.0001b
Prostate volume 
(median, cc)
45 49 40    0.0267a
No previous biopsies 255 167 88 <0.0001b
PSA (median, ng/ml) 7.2 7.5 7.1    0.0432a





Biopsy taken* 128 162
Prostate cancer upon 
biopsy
30 89
* Biopsy taken within six months after the PCA3 test 
Chapter 3  |   Value of PCA3 to predict biopsy outcome, and its potential role in selecting patients for 
multiparametric MRI
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PSA	 and	 PCA3	 characteristics	 are	 documented	 in	 table	 2,	 sorted	 by	 biopsy	 outcome.	


















Table 2  PSA and PCA3 characteristics of patients who underwent biopsies within six months after 







Gleason ≤ 6 
prostate cancer in 
biopsies (n=67)
Gleason ≥ 7 
prostate cancer in 
biopsies (n=52)
Age median (yrs) 63 65 65 67
PSA median (ng/
ml) 6.6 6.3 7.9 14.1
PCA3 median 24 34 56 68
PCA3 ≥20 58% 78% 85% 92%
PCA3 ≥ 35 42% 48% 75% 75%
PSA = prostate-specifi c antigen; PCA3 = Prostate CAncer gene 3; 
HG-PIN = high-grade prostatic intraepithelial neoplasia
43
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for	 prostate	 cancer	 on	 MRI	 compared	 to	 patients	 with	 no	 suspicious	 region.	 To	 our	
knowledge,	this	is	the	first	report	to	show	a	correlation	between	PCA3	and	MRI	outcome.	
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Figure 1  Flow	diagram	of	the	115	patients	that	had	a	PCA3	test,	multiparametric	MRI	and	prostate	
biopsies
*	PCa	=	prostate	cancer
Chapter 3  |   Value of PCA3 to predict biopsy outcome, and its potential role in selecting patients for 
multiparametric MRI
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Our	study	 failed	 to	 show	a	correlation	between	PCA3	and	Gleason	score	upon	biopsy.	











Gleason	 score	≤6,	 PSA	density	≤0.15	 and	≤33%	positive	 cores	upon	biopsy)	we	 cannot	
unequivocally	support	Auprich.
Even	 though	 PCA3	 is	 a	 continuous	 variable,	 a	 PCA3	 cutoff	 value	 of	 35	 is	 often	 used.	













cancer	 upon	 biopsies.	Thus,	 PCA3,	 in	 addition	 to	 biochemical	 and	 clinical	 parameters,	
could	be	used	 to	 select	patients	 that	 require	MRI.	However,	 due	 to	 the	 selection	bias	
in	this	retrospective,	observational	study,	our	study	is	purely	hypothesis	generating	and	
the	clinical	applicability	of	PCA3	to	select	patients	that	require	MRI	must	be	evaluated	
in	prospective	studies	 for	 its	sensitivity,	 specificity,	PPV	and	NPV.	Also,	 the	PCA3	cutoff	
value	 that	will	 give	 an	 optimal	 balance	 between	 sensitivity	 and	 specificity	 to	 predict	
45
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PCA3	 is	 a	 valuable	 diagnostic	 biomarker	 for	 prostate	 cancer,	 it	 did	 not	 correlate	with	
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At	 six	 centres,	 post-DRE	 first-catch	 urine	 specimens	 prior	 to	 prostate	 biopsies	 were	
prospectively	collected	from	497	men.	We	assessed	the	predictive	value	of	Progensa	PCA3	
and	TMPRSS2-ERG	(quantitative	nucleic	acid	amplification	assay	to	detect	TMPRSS2-ERG	
mRNA)	 for	 prostate	 cancer,	 Gleason	 score,	 clinical	 tumour	 stage,	 and	 prostate	 cancer	
significance	(individually	and	as	a	marker	panel).	This	was	compared	to	serum	PSA	and	
the	ERSPC	risk	calculator.	In	a	subgroup	(n=61)	we	evaluated	biomarker	association	with	













calculator	 parameters	 for	 predicting	 prostate	 cancer.	 Furthermore,	 TMPRSS2-ERG	 had	
prognostic	value,	whereas	PCA3	did	not.	By	implementing	the	novel	urinary	biomarker	
panel	 PCA3	and	TMPRSS2-ERG	 into	 clinical	 practice,	 this	would	 lead	 to	a	 considerable	
reduction	of	the	number	of	prostate	biopsies.
53
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diagnostic	 process	 of	 prostate	 cancer	will	 likely	 be	 the	 use	 of	 a	 panel	 of	 biomarkers.	
In	 2007,	 it	was	 shown	 that	 the	 combined	use	of	 PCA3	and	TMPRSS2-ERG	gene	 fusion	
transcripts	improved	sensitivity	significantly14.	This	was	recently	confirmed	by	Tomlins	et	
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Study design - clinical study
Inclusion	 criteria	 were:	 men	 scheduled	 for	 prostate	 biopsy	 based	 on	 elevated	 serum	
PSA	levels	(≥3	ng/ml),	family	history	of	prostate	cancer,	or	an	abnormal	DRE.	Exclusion	
criteria	were:	 history	 of	 prostate	 cancer,	medical	 therapy	 known	 to	 affect	 serum	 PSA	
levels,	symptoms	of	urinary	tract	infection,	prostate	biopsy	within	three	months	prior	to	
enrolment,	or	invasive	treatment	for	benign	prostatic	hyperplasia	(BPH)	within	six	months	
prior	 to	 enrolment.	 Subjects	were	 recruited	at	 six	urology	 centres	 in	 the	Netherlands	
(Radboud	 University	 Nijmegen	 Medical	 Centre,	 Nijmegen;	 Academic	 Medical	 Centre,	
Amsterdam;	 ZGT	Hospital,	Hengelo;	 Canisius	Wilhelmina	Hospital,	Nijmegen;	 Scheper	
Hospital,	Emmen,	and	St.	Elisabeth	Hospital,	Tilburg).	Prostate	biopsies	were	performed	
and	 evaluated	 per	 hospital’s	 standard	 procedure	 (8-12	 biopsy	 cores).	One	 experienced	
genitourinary	 pathologist	 reviewed	 all	 biopsy	 Gleason	 scores	 independently,	 being	
blinded	for	the	biomarker	scores.	Three	biopsy	samples	were	not	available	for	Gleason	
review;	 here	 the	 local	 Gleason	 scores	 were	 used.	 The	 respective	 independent	 ethics	
committees	approved	the	study	protocol	and	written	informed	consent	was	obtained.
Specimen processing





tube	 containing	 sample	 transport	medium	 (Gen-Probe	 Inc.).	 The	 urine	 samples	were	
immediately	cooled	to	4°C	and	were	mailed	with	cold	packs	to	NovioGendix	Research	BV	
(Nijmegen,	The	Netherlands).	Urine	samples	were	processed	within	48	h	after	collection	
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C	 A	 C	 A	 G	 G	 A	 A	
G	 C	 A	 C	 A	 A	 A	 A	
G	 G	 A	 A	 G	 C	 A	 C	
A	 G	 A	 G	 A	 T	 C	 C	
C	 T	 G	 G	 G	 A	 G	 A	
A	 A	 T	 G	 C	 C	 C	 G	
G	 C	 C	 G	 C	 C	 A	 T	
C	 T	 T	 G	 G	 G	 T	 C	
A	 T	 C	 G	 A	 T	 G	 A	
G	 C	 C	 T	 C	 G	 C	 C	
C	 T	 G	 T	 G	 C	 C	 T	
G	 G	 T	 C	 C	 C	 G	 C	
T	 T	 G	 T	 G	 A	 G	 G	
G	 A	 A	 G	 G	 A	 C	 A	
T	 T	 A	 G	 A	 A	 A	 A	
T	 G	 A	 A	 T	 T	 G	 A	
T	 G	 T	 G	 T	 T	 C	 C	
T	 T	 A	 A	 A	 G	 G	 A	
T	 G	 G	 G	 C	 A	 G	 G	
A	 A	 A	 A	 C	 A	 G	 A	
T	 C	 C	 T	 G	 T	 T	 G	
T	 G	 G	 A	 T	 A	 T	 T	
T	 A	 T	 T	 	T	 G	 A	 A	
C	 G	 G	 G	 A	 T	 T	 A	
C	 A	 G	 A	 T	 T	 T	 G	
A	 A	 A	 T	 G	 A	 A	 G	
T	 C	 A	 C	 A	 A	 A	 G	
T	 G	 A	 G	 C	 A	 T	 T	
A	 C	 C	 A	 A	 T	 G	 A	
G	 A	 G	 G	 A	 A	 A	 A	
C	 A	 G	 A	 C	 G	 A	 G	









The	 RNA	 samples	 that	were	 obtained	were	 DNase	 treated	 prior	 to	 the	 amplification	
protocol	using	DNase	I	enzyme	(Invitrogen,	Cat.	No.18068-015).	The	RNA	samples	were	
purified	 using	 GlycoBlue	 and	 sodium	 acetate	 (Ambion,	 Cat	 no.	 AM	 9740).	 Total	 RNA	
from	 the	 sediments	 was	 used	 to	 generate	 amplified	 sense-strand	 cDNA	 using	 the	
Whole	Transcriptome	 (WT)	 Expression	 Kit	 (Ambion,	 Cat	 no.	 4411974)	 according	 to	 the	









were	 generated	 using	 serial	 dilutions	 of	 the	 plasmids.	 The	 amplification	 efficiency	












experiments	was	 evaluated	 during	 in-study	 validation.	The	 reference	 control	 samples	
had	an	inter-	and	intra-assay	variation	<	30%.
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ultrasound	 (TRUS)	 results,	 prostate	 volume,	 biopsy	 results	 (current	 and	 history),	
radiological	 results,	clinical	TNM	stage	 (if	diagnosed	with	prostate	cancer)	and	radical	






25	 and	 35.	 TMPRSS2-ERG	 was	 assessed	 as	 a	 dichotomous	 variable;	 all	 samples	 with	
measureable	TMPRSS2-ERG	(≥10	copies	TMPRSS2-ERG	mRNA)	were	marked	positive.	The	
following	endpoints	were	used:	prostate	cancer,	biopsy	Gleason	score,	 clinical	 tumour	
stage,	 prostate	 cancer	 significance	 and	 in	 a	 subgroup	 prostatectomy	 histological	
outcome.	 Clinical	 significance	 of	 the	 tumour	 was	 assessed	 according	 to	 the	 Epstein	
criteria:	 clinical	 stage	≥T2,	 Gleason	 score	≥7,	 PSAD	 >0.15	 and	 >33%	 positive	 cores.	 The	
Fisher’s	 exact	 test	 (for	dichotomous	variables)	 and	 the	nonparametric	Mann	Whitney	
test	(for	continuous	variables)	were	used	to	test	differences	in	levels	of	serum	PSA,	PCA3,	
and	 TMPRSS2-ERG	 for	 statistical	 significance	 between	 groups	 of	 patients.	 Univariate	
logistic	regression	analysis	was	used	to	study	the	influence	of	the	biomarkers	on		each	
endpoint	separately	.	Multivariate	logistic	regression	analysis	with	selection	procedures	
Table 1  Primer sequences and TaqMan probes
Gene GenBank™ Primer Position Sequence






5’- CGC GAG CTA AGC AGG AG-3’
ERG-R NM_004449 reverse 5’-GTC CAT AGT CGC TGG AGG AG-3’
ERG-probe NM_004449 5’-FAM-TGG TCC TCA CTC ACA ACT 
GAT AAG GCT TCC-BBQ-3’
PSA-F NM_001648 forward 5’- CGT GAC GTG GAT TGG TGC-3’
PSA-R NM_001648 reverse 5’- GCC GCA GAC TGC CCT G-3’
PSA-probe NM_001648 5’-610-CCC TCA TCC TGT CTC GGA TTG 
TGG GA-BBQ-3’
GenBank™ =  Database accession number
57
A	 C	 A	 G	 A	 A	 G	 A	
A	 A	 T	 A	 G	 C	 A	 A	
G	 T	 G	 C	 C	 G	 A	 G	
A	 A	 G	 C	 T	 G	 G	 C	
A	 T	 C	 A	 G	 A	 A	 A	
A	 A	 C	 A	 G	 A	 G	 G	
G	 G	 A	 G	 A	 T	 T	 T	
G	 T	 G	 T	 G	 G	 C	 T	
G	 C	 A	 G	 C	 C	 G	 A	
G	 G	 G	 A	 G	 A	 C	 C	
A	 G	 G	 A	 A	 G	 A	 T	
C	 T	 G	 C	 A	 T	 G	 G	
T	 G	 G	 G	 A	 A	 G	 G	
A	 C	 C	 T	 G	 A	 T	 G	
A	 T	 A	 C	 A	 G	 A	 G	
G	 A	 A	 T	 T	 A	 C	 A	
A	 C	 A	 C	 A	 T	 A	 T	
A	 C	 T	 T	 A	 G	 T	 G	
T	 T	 T	 C	 A	 A	 T	 G	
A	 A	 C	 A	 C	 C	 A	 A	
G	 A	 T	 A	 A	 A	 T	 A	
A	 G	 T	 G	 A	 A	 G	 A	
G	 C	 T	 A	 G	 T	 C	 C	
G	 C	 T	 G	 T	 G	 A	 G	
T	 C	 T	 C	 C	 T	 C	 A	
G	 T	 G	 A	 C	 A	 C	 A	
G	 G	 G	 C	 T	 G	 G	 A	
T	 C	 A	 C	 C	 A	 T	 C	
G	 A	 C	 G	 G	 C	 A	 C	
T	 T	 T	 C	 T	 G	 A	 G	
T	 A	 C	 T	 C	 A	 G	 T	
G	 C	 A	 G	 C	 A	 A	 A	
G	 A	 A	 A	 G	 A	 C	 T	
A	 C	 A	 G	 A	 C	 A	 T	
C	 T	 C	 A	 A	 T	 G	 G	
C	 A	 G	 G	 G	 G	 T	 G	
A	 G	 A	 A	 A	 T	 A	 A	
G	 A	 A	 A	 G	 G	 C	 T	
G	 C	 T	 G	 A	 C	 T	 T	
T	 A	 C	 C	 A	 T	 C	 T	
G	 A	 G	 G	 C	 C	 A	 C	
A	 C	 A	 T	 C	 T	 G	 C	
T	 G	 A	 A	 A	 T	 G	 G	
A	 G	 A	 T	 A	 A	 T	 T	
A	 A	 C	 A	 T	 C	 A	 C	
T	 A	 G	 A	 A	 A	 C	 A	
G	 C	 A	 A	 G	 A	 T	 G	
A	 C	 A	 A	 T	 A	 T	 A	
A	 T	 G	 T	 C	 T	 A	 A	
G	 T	 A	 G	 T	 G	 A	 C	
A	 T	 G	 T	 T	 T	 T	 T	
G	 C	 A	 C	 A	 T	 T	 T	
C	 C	 A	 G	 C	 C	 C	 C	
T	 T	 T	 A	 A	 A	 T	 A	
T	 C	 C	 A	 C	 A	 C	 A	
C	 A	 C	 A	 G	 G	 A	 A	
G	 C	 A	 C	 A	 A	 A	 A	
G	 G	 A	 A	 G	 C	 A	 C	
A	 G	 A	 G	 A	 T	 C	 C	
C	 T	 G	 G	 G	 A	 G	 A	
A	 A	 T	 G	 C	 C	 C	 G	
G	 C	 C	 G	 C	 C	 A	 T	
C	 T	 T	 G	 G	 G	 T	 C	
A	 T	 C	 G	 A	 T	 G	 A	
G	 C	 C	 T	 C	 G	 C	 C	
C	 T	 G	 T	 G	 C	 C	 T	
G	 G	 T	 C	 C	 C	 G	 C	
T	 T	 G	 T	 G	 A	 G	 G	
G	 A	 A	 G	 G	 A	 C	 A	
T	 T	 A	 G	 A	 A	 A	 A	
T	 G	 A	 A	 T	 T	 G	 A	
T	 G	 T	 G	 T	 T	 C	 C	
T	 T	 A	 A	 A	 G	 G	 A	
T	 G	 G	 G	 C	 A	 G	 G	
A	 A	 A	 A	 C	 A	 G	 A	
T	 C	 C	 T	 G	 T	 T	 G	
T	 G	 G	 A	 T	 A	 T	 T	
T	 A	 T	 T	 	T	 G	 A	 A	
C	 G	 G	 G	 A	 T	 T	 A	
C	 A	 G	 A	 T	 T	 T	 G	
A	 A	 A	 T	 G	 A	 A	 G	
T	 C	 A	 C	 A	 A	 A	 G	
T	 G	 A	 G	 C	 A	 T	 T	
A	 C	 C	 A	 A	 T	 G	 A	
G	 A	 G	 G	 A	 A	 A	 A	
C	 A	 G	 A	 C	 G	 A	 G	
A	 A	 A	 A	 T	 C	 T	 T	
4
was	 used	 to	 test	 if	 PCA3	 and	 TMPRSS2-ERG	 had	 independently	 additional	 predictive	
value	 to	 the	ERSPC	 risk	 calculator	parameters,	 on	 the	 three	outcomes.	The	ERSPC	 risk	
calculator	parameters	are:	serum	PSA	level	ng/ml,	DRE	normal/abnormal,	TRUS	normal/
abnormal,	 and	prostate	volume	 (cc).	 In	addition,	we	 tested	which	 combination	of	 the	
biomarker	 panel	 PCA3	 +	 TMPRSS2-ERG	 had	 the	 best	 additional	 discriminative	 value	
to	 the	ERSPC	risk	calculator	parameters.	The	Odds	Ratios	 (OR)	and	corresponding	95%	
Confidence	 Intervals	 (CI)	of	 the	final	model	of	each	outcome	are	presented.	The	AUCs	
(Area	Under	the	Curve)	of	the	ROC	(Receiver	Operating	Characteristic)	curves	were	used	




Urine	 samples	of	497	men	were	 collected	between	September	2009	and	 July	 2011,	 of	
which	 54	 samples	 were	 excluded	 for	 containing	 too	 much	 (in)organic	 precipitate	 or	








score,	 clinical	 tumour	 stage,	 and	 prostate	 cancer	 significance.	 Serum	 PSA,	 PCA3	 and	
TMPRSS2-ERG	were	all	 significantly	higher	 in	patients	with	prostate	cancer	 compared	
to	 patients	without	 prostate	 cancer.	 Serum	 PSA	 and	TMPRSS2-ERG	were	 significantly	
higher	 in	patients	with	Gleason	scores	≥7	(7.8	vs.	 10.7	ng/ml	and	7%	vs.	35%	TMPRSS2-
ERG	positive	resp.)	and	clinical	tumour	stage	T3-T4	(8.0	vs.	12.3	ng/ml	and	16%	vs.	36%	
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Table	 4	 shows	 the	 crude	 OR	 (95%	 CI)	 of	 the	 biomarkers	 predicting	 prostate	 cancer,	
Gleason	score,	clinical	tumour	stage,	and	prostate	cancer	significance,	respectively,	using	








Table 2  Patient characteristics
All evaluable men
(n = 443)
Median (range) / n(%)
Age (yrs)                       65 (4 4-86)
Serum PSA (ng/ml)                    7.4 (0.4-756)
PSAD (ng/ml/ml)               0.15 (0.01-22.6)
Abnormal DRE                         126 (28%)
Abnormal TRUS                           86 (19%)
Prostate volume (ml)                      48 (15-200)
Family history PCa                            82 (19%)
Initial biopsy                        348 (79%)
Diagnosis PCa                        196 (44%)
Gleason score ≥7                     115 (59%)
   Gleason score 7                       60 (31%)
   Gleason score 8-10                        55 (28%)
Clinically significant PCa (Epstein)                      177 (40%)
Radical prostatectomy                         61 (14%)
PSAD = PSA density (serum PSA/prostate volume); DRE = digital rectal examination
TRUS – transrectal ultrasound;  PCa = prostate cancer
Clinically significant prostate cancer according to the Epstein criteria: 
clinical stage ≥T2, Gleason score ≥7, PSAD >0.15 and >33% positive cores upon biopsy
59
A	 C	 A	 G	 A	 A	 G	 A	
A	 A	 T	 A	 G	 C	 A	 A	
G	 T	 G	 C	 C	 G	 A	 G	
A	 A	 G	 C	 T	 G	 G	 C	
A	 T	 C	 A	 G	 A	 A	 A	
A	 A	 C	 A	 G	 A	 G	 G	
G	 G	 A	 G	 A	 T	 T	 T	
G	 T	 G	 T	 G	 G	 C	 T	
G	 C	 A	 G	 C	 C	 G	 A	
G	 G	 G	 A	 G	 A	 C	 C	
A	 G	 G	 A	 A	 G	 A	 T	
C	 T	 G	 C	 A	 T	 G	 G	
T	 G	 G	 G	 A	 A	 G	 G	
A	 C	 C	 T	 G	 A	 T	 G	
A	 T	 A	 C	 A	 G	 A	 G	
G	 A	 A	 T	 T	 A	 C	 A	
A	 C	 A	 C	 A	 T	 A	 T	
A	 C	 T	 T	 A	 G	 T	 G	
T	 T	 T	 C	 A	 A	 T	 G	
A	 A	 C	 A	 C	 C	 A	 A	
G	 A	 T	 A	 A	 A	 T	 A	
A	 G	 T	 G	 A	 A	 G	 A	
G	 C	 T	 A	 G	 T	 C	 C	
G	 C	 T	 G	 T	 G	 A	 G	
T	 C	 T	 C	 C	 T	 C	 A	
G	 T	 G	 A	 C	 A	 C	 A	
G	 G	 G	 C	 T	 G	 G	 A	
T	 C	 A	 C	 C	 A	 T	 C	
G	 A	 C	 G	 G	 C	 A	 C	
T	 T	 T	 C	 T	 G	 A	 G	
T	 A	 C	 T	 C	 A	 G	 T	
G	 C	 A	 G	 C	 A	 A	 A	
G	 A	 A	 A	 G	 A	 C	 T	
A	 C	 A	 G	 A	 C	 A	 T	
C	 T	 C	 A	 A	 T	 G	 G	
C	 A	 G	 G	 G	 G	 T	 G	
A	 G	 A	 A	 A	 T	 A	 A	
G	 A	 A	 A	 G	 G	 C	 T	
G	 C	 T	 G	 A	 C	 T	 T	
T	 A	 C	 C	 A	 T	 C	 T	
G	 A	 G	 G	 C	 C	 A	 C	
A	 C	 A	 T	 C	 T	 G	 C	
T	 G	 A	 A	 A	 T	 G	 G	
A	 G	 A	 T	 A	 A	 T	 T	
A	 A	 C	 A	 T	 C	 A	 C	
T	 A	 G	 A	 A	 A	 C	 A	
G	 C	 A	 A	 G	 A	 T	 G	
A	 C	 A	 A	 T	 A	 T	 A	
A	 T	 G	 T	 C	 T	 A	 A	
G	 T	 A	 G	 T	 G	 A	 C	
A	 T	 G	 T	 T	 T	 T	 T	
G	 C	 A	 C	 A	 T	 T	 T	
C	 C	 A	 G	 C	 C	 C	 C	
T	 T	 T	 A	 A	 A	 T	 A	
T	 C	 C	 A	 C	 A	 C	 A	
C	 A	 C	 A	 G	 G	 A	 A	
G	 C	 A	 C	 A	 A	 A	 A	
G	 G	 A	 A	 G	 C	 A	 C	
A	 G	 A	 G	 A	 T	 C	 C	
C	 T	 G	 G	 G	 A	 G	 A	
A	 A	 T	 G	 C	 C	 C	 G	
G	 C	 C	 G	 C	 C	 A	 T	
C	 T	 T	 G	 G	 G	 T	 C	
A	 T	 C	 G	 A	 T	 G	 A	
G	 C	 C	 T	 C	 G	 C	 C	
C	 T	 G	 T	 G	 C	 C	 T	
G	 G	 T	 C	 C	 C	 G	 C	
T	 T	 G	 T	 G	 A	 G	 G	
G	 A	 A	 G	 G	 A	 C	 A	
T	 T	 A	 G	 A	 A	 A	 A	
T	 G	 A	 A	 T	 T	 G	 A	
T	 G	 T	 G	 T	 T	 C	 C	
T	 T	 A	 A	 A	 G	 G	 A	
T	 G	 G	 G	 C	 A	 G	 G	
A	 A	 A	 A	 C	 A	 G	 A	
T	 C	 C	 T	 G	 T	 T	 G	
T	 G	 G	 A	 T	 A	 T	 T	
T	 A	 T	 T	 	T	 G	 A	 A	
C	 G	 G	 G	 A	 T	 T	 A	
C	 A	 G	 A	 T	 T	 T	 G	
A	 A	 A	 T	 G	 A	 A	 G	
T	 C	 A	 C	 A	 A	 A	 G	
T	 G	 A	 G	 C	 A	 T	 T	
A	 C	 C	 A	 A	 T	 G	 A	
G	 A	 G	 G	 A	 A	 A	 A	
C	 A	 G	 A	 C	 G	 A	 G	
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A	 C	 A	 G	 A	 A	 G	 A	
A	 A	 T	 A	 G	 C	 A	 A	
G	 T	 G	 C	 C	 G	 A	 G	
A	 A	 G	 C	 T	 G	 G	 C	
A	 T	 C	 A	 G	 A	 A	 A	
A	 A	 C	 A	 G	 A	 G	 G	
G	 G	 A	 G	 A	 T	 T	 T	
G	 T	 G	 T	 G	 G	 C	 T	
G	 C	 A	 G	 C	 C	 G	 A	
G	 G	 G	 A	 G	 A	 C	 C	
A	 G	 G	 A	 A	 G	 A	 T	
C	 T	 G	 C	 A	 T	 G	 G	
T	 G	 G	 G	 A	 A	 G	 G	
A	 C	 C	 T	 G	 A	 T	 G	
A	 T	 A	 C	 A	 G	 A	 G	
G	 A	 A	 T	 T	 A	 C	 A	
A	 C	 A	 C	 A	 T	 A	 T	
A	 C	 T	 T	 A	 G	 T	 G	
T	 T	 T	 C	 A	 A	 T	 G	
A	 A	 C	 A	 C	 C	 A	 A	
G	 A	 T	 A	 A	 A	 T	 A	
A	 G	 T	 G	 A	 A	 G	 A	
G	 C	 T	 A	 G	 T	 C	 C	
G	 C	 T	 G	 T	 G	 A	 G	
T	 C	 T	 C	 C	 T	 C	 A	
G	 T	 G	 A	 C	 A	 C	 A	
G	 G	 G	 C	 T	 G	 G	 A	
T	 C	 A	 C	 C	 A	 T	 C	
G	 A	 C	 G	 G	 C	 A	 C	
T	 T	 T	 C	 T	 G	 A	 G	
T	 A	 C	 T	 C	 A	 G	 T	
G	 C	 A	 G	 C	 A	 A	 A	
G	 A	 A	 A	 G	 A	 C	 T	
A	 C	 A	 G	 A	 C	 A	 T	
C	 T	 C	 A	 A	 T	 G	 G	
C	 A	 G	 G	 G	 G	 T	 G	
A	 G	 A	 A	 A	 T	 A	 A	
G	 A	 A	 A	 G	 G	 C	 T	
G	 C	 T	 G	 A	 C	 T	 T	
T	 A	 C	 C	 A	 T	 C	 T	
G	 A	 G	 G	 C	 C	 A	 C	
A	 C	 A	 T	 C	 T	 G	 C	
T	 G	 A	 A	 A	 T	 G	 G	
A	 G	 A	 T	 A	 A	 T	 T	
A	 A	 C	 A	 T	 C	 A	 C	
T	 A	 G	 A	 A	 A	 C	 A	
G	 C	 A	 A	 G	 A	 T	 G	
A	 C	 A	 A	 T	 A	 T	 A	
A	 T	 G	 T	 C	 T	 A	 A	
G	 T	 A	 G	 T	 G	 A	 C	
A	 T	 G	 T	 T	 T	 T	 T	
G	 C	 A	 C	 A	 T	 T	 T	
C	 C	 A	 G	 C	 C	 C	 C	
T	 T	 T	 A	 A	 A	 T	 A	
T	 C	 C	 A	 C	 A	 C	 A	
C	 A	 C	 A	 G	 G	 A	 A	
G	 C	 A	 C	 A	 A	 A	 A	
G	 G	 A	 A	 G	 C	 A	 C	
A	 G	 A	 G	 A	 T	 C	 C	
C	 T	 G	 G	 G	 A	 G	 A	
A	 A	 T	 G	 C	 C	 C	 G	
G	 C	 C	 G	 C	 C	 A	 T	
C	 T	 T	 G	 G	 G	 T	 C	
A	 T	 C	 G	 A	 T	 G	 A	
G	 C	 C	 T	 C	 G	 C	 C	
C	 T	 G	 T	 G	 C	 C	 T	
G	 G	 T	 C	 C	 C	 G	 C	
T	 T	 G	 T	 G	 A	 G	 G	
G	 A	 A	 G	 G	 A	 C	 A	
T	 T	 A	 G	 A	 A	 A	 A	
T	 G	 A	 A	 T	 T	 G	 A	
T	 G	 T	 G	 T	 T	 C	 C	
T	 T	 A	 A	 A	 G	 G	 A	
T	 G	 G	 G	 C	 A	 G	 G	
A	 A	 A	 A	 C	 A	 G	 A	
T	 C	 C	 T	 G	 T	 T	 G	
T	 G	 G	 A	 T	 A	 T	 T	
T	 A	 T	 T	 	T	 G	 A	 A	
C	 G	 G	 G	 A	 T	 T	 A	
C	 A	 G	 A	 T	 T	 T	 G	
A	 A	 A	 T	 G	 A	 A	 G	
T	 C	 A	 C	 A	 A	 A	 G	
T	 G	 A	 G	 C	 A	 T	 T	
A	 C	 C	 A	 A	 T	 G	 A	
G	 A	 G	 G	 A	 A	 A	 A	
C	 A	 G	 A	 C	 G	 A	 G	


































































































    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    








    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    








    
    
    
    
    
    
    
    
    
    












    
    
    
    
    
    
    

















































































































































































































































































































































































































































































































































































































































































































































































































Table 5  The adjusted Odds Ratios (OR) with 95% Confidence Intervals (CI) of the biomarker for 
the probability of prostate cancer, Gleason score and clinical tumour stage, respectively, using 
multivariate logistic regression
OR (95% CI) p value AUC (95% CI)
Prostate cancer:
ERSPC parameters 0.799 (0.756-0.841)
Serum PSA 1.08 (1.04-1.12) <0.001
Volume 0.98 (0.97-0.99) <0.001
DRE abnormal* 2.90 (1.60-5.24) <0.001
TRUS abnormal† 2.10 (1.06-4.18) 0.035
PCA3 score  ≥25‡ 3.64 (2.19-6.05) <0.001 0.833 (0.795-0.870)
TMPRSS2-ERG ≥10§ 3.28 (1.57-6.85) 0.002 0.842 (0.806-0.878)
Gleason score ≥7:
ERSPC parameters 0.801 (0.738-0.865)
Serum PSA 1.06 (1.02-1.11) 0.003
Volume 0.99 (0.97-1.01) 0.205
DRE abnormal* 7.06 (3.17-15.73) <0.001
TRUS abnormal† 1.26 (0.52-3.03) 0.613
TMPRSS2-ERG ≥10§ 7.16 (2.54-20.15) <0.001 0.840 (0.785-0.895)
Clinical tumour stage 
T3-T4:
ERSPC parameters 0.824 (0.764-0.884)
Serum PSA 1.05 (1.02-1.08) 0.002
Volume 0.98 (0.96-1.00) 0.093
DRE abnormal* 3.98 (1.84-8.62) <0.001
TRUS abnormal† 2.91 (1.35-6.27) 0.006
TMPRSS2-ERG ≥10§ 2.60 (1.14-5.90) 0.023 0.834 (0.776-0.892)
AUC = Area Under the Curve
Reference groups: * DRE normal, † TRUS normal, ‡ PCA3 score <25, 
§ TMPRSS2-ERG <10 copies
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Regarding	 biopsy	 Gleason	 score	 and	 clinical	 tumour	 stage,	 serum	 PSA	 (p=0.001	 and	
p<0.001	resp.)	and	TMPRSS2-ERG	(p<0.001	and	p=0.002	resp.)	were	significant	predictors,	
whereas	 PCA3	 was	 not,	 using	 univariate	 logistic	 regression	 analysis	 (Table	 4).	 Only	
TMPRSS2-ERG	was	an	independent	predictor	of	biopsy	Gleason	score	(OR:	7.16;	95%	CI:	

















3	using	ERSPC	risk	calculator	parameters,	PCA3,	and	TMPRSS2-ERG	(red	 line,	AUC	=	0.842)	 for	 the	
prediction	of	prostate	cancer	upon	biopsy.
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Clinical implications
Based	on	 serum	PSA,	 all	men	 in	 this	 study	 cohort	underwent	prostate	biopsies.	Table	









In	 addition,	 we	 evaluated	 the	 subgroup	 of	 men	 (n=61)	 that	 underwent	 a	 radical	




significantly	with	 prostatectomy	Gleason	 score	 or	 seminal	 vesicle	 invasion	 (n=8).	The	
biomarker	panel	PCA3	+	TMPRSS2-ERG	did	not	correlate	with	any	of	the	above-mentioned	
prognostic	parameters	upon	prostatectomy.











PCA3 score ≥25 166 (37%) 37 (19%) 20 (17%)
PCA3 score ≥35 211 (48%) 62 (32%) 36 (31%)
TMPRSS2-ERG ≥10 382 (86%) 150 (77%) 75 (65%)
PCA3-25 + TMPRSS2-ERG 153 (35%) 26 (13%) 11 (10%)
PCA3-35 + TMPRSS2-ERG 195 (44%) 48 (24%) 24 (21%)
PCA3 score = [copies PCA3 mRNA] / [copies PSA mRNA] x 1000 
TMPRSS2-ERG positive = ≥ 10 copies TMPRSS2-ERG mRNA
PCA3-25 + TMPRSS2-ERG = TMPRSS2-ERG positive and/or PCA3≥25
PCA3-35 + TMPRSS2-ERG  = TMPRSS2-ERG positive and/or PCA3≥35
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DISCUSSION
In	 our	 study,	 PCA3	 was	 a	 highly	 accurate	 biomarker	 for	 predicting	 prostate	 cancer,	
exceeding	the	performance	of	the	widely	used	serum	PSA.	The	optimal	PCA3	cutoff	score	
is	 still	 subject	 to	debate.	 Several	 studies	 suggested	 lowering	 the	 cutoff	 score	 from	35	


















risk	 calculator	 parameters	 for	 predicting	 prostate	 cancer.	 And	 if	 this	 biomarker	 panel	
PCA3	 +	 TMPRSS2-ERG	would	 have	 been	 used	 on	 this	 study	 cohort	 to	 select	men	 for	
prostate	biopsies,	a	substantial	amount	of	(unnecessary)	prostate	biopsies	(35%)	would	
have	been	avoided,	missing	only	10%	of	the	men	with	a	Gleason	score	≥	7	prostate	cancer.	
Our	 results	 confirm	 and	 validate	 the	 results	 of	Hessels	 et	 al	 on	 this	 novel	 biomarker	
panel	 for	 prostate	 cancer	 14.	 Recently,	 Tomlins	 et	 al	 demonstrated	 that	 TMPRSS2-ERG	
in	 combination	 with	 PCA3	 improved	 the	 performance	 of	 the	 multivariate	 PCPT	 risk	
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reviewed	biopsies.	However,	 the	 pathology	 review	did	 not	 change	 significance	 of	 our	
results	 (data	 not	 shown).	When	 evaluating	 its	 potential	 prognostic	 value,	 PCA3	 was	
not	correlated	with	biopsy	Gleason	score	and	clinical	tumour	stage.	When	evaluating	a	
subgroup	of	men	that	underwent	a	radical	prostatectomy,	again,	PCA3	had	no	correlation	
with	established	 risk	 factors.	Our	 results	are	 comparable	 to	 several	 large	 studies	 that	
have	 been	 published	 recently,	 showing	 that	 PCA3	 had	 no	 additional	 predictive	 value	
for	 Gleason	 score	 and	 tumour	 stage5,8-10,19.	 Although	 these	 studies	 showed	 PCA3	 to	





ERG	urine	 test	 could	be	used	 to	select	men	with	clinically	 significant	prostate	cancer.	
However,	TMPRSS2-ERG	was	not	correlated	with	Gleason	score	in	radical	prostatectomy	
specimens.	Thus,	the	prognostic	value	of	TMPRSS2-ERG	in	this	subgroup	of	patients	may	




surrounding	 structures,	 including	 the	 prostatic	 ductal	 system.	 Therefore,	 aggressive	
prostate	cancers	are	considered	to	shed	their	cells	more	easily	into	the	prostatic	ductal	
system	after	DRE,	resulting	in	a	urine	specimen	with	more	TMPRSS2-ERG	mRNA.
Our	 cohort	 consisted	 of	 a	 relatively	 small	 proportion	 of	 patients	 with	 clinically	
insignificant	prostate	cancer.	This	 raises	 the	question	whether	our	study	consists	of	a	
representative	cohort.	However,	we	have	to	emphasize	that	our	study	is	a	multicenter	
prospective	 trial	 and	 we	 analyzed	 an	 intent-to-use	 cohort,	 thus,	 per	 definition	 the	
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CONCLUSIONS
In	 this	 prospective	multicentre	 study	we	 evaluated	 two	 novel	 urinary	 biomarkers	 for	
prostate	cancer,	Progensa	PCA3	and	TMPRSS2-ERG	had	independent	additional	predictive	
value	 to	 PCA3	 and	 ERSPC	 risk	 calculator	 parameters	 for	 predicting	prostate	 cancer.	 In	
addition,	 TMPRSS2-ERG	 had	 prognostic	 value.	 By	 implementing	 the	 novel	 biomarker	
panel	 PCA3	and	TMPRSS2-ERG	 into	 clinical	 practice,	 this	would	 lead	 to	a	 considerable	
reduction	of	prostate	biopsies.
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indolent	disease,	 inevitably	over	 treatment	has	become	a	 concern.	The	use	of	a	urine	
test,	Progensa	PCA3,	was	shown	to	aid	in	the	diagnosis	of	prostate	cancer	and	prevents	
unnecessary	prostate	biopsies.	However,	 its	prognostic	value	seems	 limited.	Therefore,	













score	≥7	 of	 0.78;	which	was	 evidently	 higher	 than	 for	 sPSA	 (0.72)	 and	 Progensa	 PCA3	
(0.69).	When	sPSA	was	added	to	QUATTRO,	the	predictive	accuracy	increased	to	0.82.
Conclusions
We	describe	 a	 stepwise	 development	 of	 a	 four	 gene-based	 test	 (QUATTRO),	 that	was	
superior	to	sPSA	and	PCA3	to	identify	patients	with	Gleason	score	≥7	prostate	cancer.
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these	 tumours	 would	 not	 have	 been	 diagnosed	 within	 the	 patient’s	 lifetime,	 which	
results	in	over-treatment5.	Currently,	it	is	difficult	to	predict	which	tumour	will	become	
potentially	life	threatening	and	which	one	will	not.	Therefore,	overtreatment	of	localized	
prostate	 cancer	 is	 a	 serious	 clinical	 issue	 causing	morbidity	 and	 unnecessary	 health	
care	costs.	Prognostic	biomarkers	with	a	much	higher	specificity	than	PSA	are	urgently	
needed	 to	 improve	 the	 detection	 of	 clinically	 significant	 prostate	 cancer.	 Clinically	
significant	prostate	cancer	is	defined	as:	Gleason	score	≥7,	non-organ	confined	disease	
(>T2	disease)	and	tumour	volume	>0.5	cm36.	However,	as	digital	rectal	examination	(DRE)	
and	 transrectal	 ultrasound	 (TRUS)	 findings	 are	 only	moderately	 reproducible	 and	not	
reliable	for	predicting	tumour	stage	and	tumour	volume,	these	two	parameters	cannot	
be	 reliably	determined	on	biopsied	patients7.	Therefore,	Gleason	 score	≥7	 remains	 the	
most	powerful	parameter	for	clinically	significant	prostate	cancer	for	biopsied	patients.
In	 this	 search	 for	prostate	 cancer	 specific	biomarkers,	 two	promising	candidates	have	
been	 identified:	Prostate	CAncer	gene	 3	 (PCA3)	 and	TMPRSS2-ERG	gene	 fusions.	These	
biomarkers	can	be	measured	using	a	non-invasive	urine	 test.	The	PCA3	gene	 is	highly	
over-expressed	 in	 prostate	 tumours8,	 and	 has	 diagnostic	 value	 to	 predict	 biopsy	
outcome9-11,	 but	 its	prognostic	 value	 is	 limited12-14.	The	Progensa®	PCA3	 test	 is	an	FDA-
approved	 molecular	 diagnostic	 test	 that	 is	 available	 to	 urologists.	 Gene	 fusions	 in	
which	ETS	family	members	are	mostly	fused	to	androgen-regulated	genes,	particularly	
TMPRSS2,	 are	 prostate	 cancer-specific	 molecular	 events.	 TMPRSS2-ERG	 gene	 fusions	
are	present	 in	approximately	50%	of	prostate	cancer	patients15,16.	The	prognostic	value	
of	this	gene	fusion	is	still	unclear17-20.	Consequently,	the	urgent	need	for	more	accurate	
prognostic	 biomarkers	 for	 prostate	 cancer	 persists.	 To	 address	 this	 unmet	 need,	 the	
stepwise	development	of	a	four	gene	based	test	is	described	in	this	manuscript.
Using	microarray	analysis	on	snap	frozen	tissue,	46	candidate	biomarkers	were	selected.	
Chapter 5  |   QUATTRO, a four gene prognostic biomarker panel for prostate cancer
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With	Taqman	 low	 density	 arrays	 (TLDA),	we	 identified	 ten	most	 promising	 candidate	
biomarkers.	 This	 lead	 to	 the	 hypothesis	 that	 a	 combination	 of	 these	 ten	 biomarkers	











cancer	 (LG-PCa;	n=33),	high	grade	prostate	 cancer	 (HG-PCa;	n=32),	 castration	 resistant	
prostate	 cancer	 (CRPC;	 n=32)	 and	metastatic	 prostate	 cancer	 (PCa-M+;	 n=8).	 Samples	
were	obtained	after	 transurethral	 resection	of	 the	prostate	 (TURP),	open	adenectomy,	
radical	prostatectomy	and	 lymph	node	dissection.	After	collection,	all	specimens	were	
snap	frozen	 in	 liquid	nitrogen	and	cryostat	sections	were	hematoxylin	and	eosin	 (HE)	
stained	for	classification	by	a	pathologist.
Ninety	nine	 samples	were	used	 for	whole	 transcriptome	analysis	 (GeneChip®	human	





TRIzol	 reagent	 (Invitrogen)	 according	 to	 manufacturer’s	 instructions.	 Total	 RNA	 was	
DNase	 treated	 and	 purified	 using	 the	 RNeasy	 Mini	 Kit	 (Qiagen)	 according	 to	 the	
manufacturer’s	instructions.	The	integrity	of	the	RNA	was	determined	using	the	Agilent	
2100	 Bioanalyzer.	 Samples	 with	 RNA	 integrity	 number	 (RIN)	 ≥6	 were	 included	 for	
microarray	analysis.
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Target	 (ST)	 arrays	 (Affymetrix)	 according	 to	 the	 manufacturer’s	 protocol.	 One	 μg	 of	
RNeasy	purified	total	RNA	was	used	to	generate	amplified	and	biotinylated	sense-strand	
DNA	targets	from	the	entire	expressed	genome.	According	to	the	protocol,	the	majority	
of	 ribosomal	 RNA	 was	 removed	 using	 the	 RiboMinus	 Human/Mouse	 Transcriptome	
Isolation	 Kit	 (Invitrogen).	 The	 generated	 amplified	 sense-strand	 cDNA	 targets	 were	
fragmented	 by	 incubation	with	 a	mixture	 of	 UDG	 (uracil	 DNA	 glycosylase)	 and	 APE1	
(apurinic/apyrimidinic	 endonuclease	 1)	 restriction	endonucleases	and	end-labelled	via	




FS	 450	 (Affymetrix)	 and	 stained	 according	 to	 the	 Affymetrix	 protocol.	 The	 array	was	
scanned	at	 532	nm	using	an	GeneChip	Scanner	 3000	7G	 (Affymetrix),	generating	CEL	
files	for	each	array.
Gene-level	 and	exon-level	 expression	values	were	derived	 from	 the	CEL	file	using	 the	
model-based	 Robust	 Multiarray	 Average	 (RMA)	 algorithm	 as	 implemented	 in	 Partek	




































ONECUT2 one cut homeobox 2 14.3 8.4 E-07 n.a.
RRM2 ribonucleotide reductase M2 polypeptide 8.6 7.9 E-07 8.1
ACSM1 acyl-CoA synthetase medium-chain family 
member 1 
8.4 4.8 E-04 7.4
TDRD1 tudor domain containing 1 7.7 2.9 E-03 139.0
MS4A8B membrane-spanning 4-domains,subfam. 
A, member 8B 
5.0 1.0 E-05 16.6
HOXC6 homeobox C6 4.6 5.0 E-04 10.5
PTPRT protein tyrosine phosphatase, receptor 
type, T
4.2 1.1 E-03 21.2
NKAIN1 Na+/K+ transporting ATPase interacting 1 3.8 2.9 E-03 17.6
DLX1 distal-less homeobox 1 3.5 1.6 E-05 39.0
HOXC4 homeobox C4 2.3 2.5 E-03 n.a.
CRISP3 cysteine-rich secretory protein 3 17.1 3.9 E-03 68.5
GLYATL1 glycine-N-acyltransferase-like 1 10.2 1.7 E-08 12.6
AMACR alpha-methylacyl-CoA racemase 9.6 5.7 E-08 58.0
TMEM45B transmembrane protein 45B 7.1 3.4 E-05 13.9
FOLH1 folate hydrolase 
(prostate-spec. membrane antigen) 1
6.5 7.3 E-04 5.4
C19orf48 chromosome 19 open reading frame 48 5.9 4.1 E-09 3.7
ALDH3B2 aldehyde dehydrogenase 3 family, 
member B2 
5.7 4.4 E-06 24.0
NETO2 neuropilin (NRP) and tolloid (TLL)-like 2 5.6 2.0 E-06 11.3
TLCD1 TLC domain containing 1 4.7 1.3 E-10 4.0
FASN fatty acid synthase 4.7 1.2 E-07 3.9
GRPR gastrin-releasing peptide receptor 4.5 1.4 E-03 5.2
TOP2A topoisomerase (DNA) II alpha 170kDa 3.8 1.2 E-04 8.7
FAM111B family with sequence similarity 111, 
member B
3.8 2.7 E-04 2.9
TPX2 TPX2, microtubule-associated, homolog 
(Xenopus laevis) 
3.5 5.5 E-05 12.2
CGREF1 cell growth regulator with EF-hand 
domain 1
3.2 4.9 E-07 7.0
PPFIA2 protein tyrosine phosphatase,receptor 
type,f polypept
3.0 3.2 E-02 8.5
ERG v-ets erythroblastosis virus E26 oncogene 
homolog
3.0 8.7 E-02 26.7
MKI67 antigen identified by monoclonal 
antibody Ki-67 
3.0 5.2 E-04 7.9
COMP cartilage oligomeric matrix protein 3.0 1.7 E-03 15.1
PTTG1 pituitary tumour-transforming 1 2.7 1.3 E-03 4.1
CKS2 CDC28 protein kinase regulatory subunit 2 2.6 2.1 E-03 3.0
ANLN anillin, actin binding protein 2.2 3.7 E-03 4.6
KIF20A kinesin family member 20A 1.9 1.1 E-02 15.5
KIF4A kinesin family member 4A 1.8 1.8 E-02 14.8
BUB1 budding uninhibited by benzimidazoles 1 
homolog
1.8 7.1 E-03 4.6
CDC20 cell division cycle 20 homolog 
(S. cerevisiae)
1.7 1.2 E-01 9.3
FAM110B family with sequence similarity 110, 
member B
1.7 2.9 E-01 2.0
TTN titin 1.5 4.6 E-01 0.7
UGT2B15 UDP glucuronosyltransferase 2 family, 
polypeptide B15 
1.3 5.8 E-01 14.0
NR4A1 nuclear receptor subfamily 4, group A, 
member 1
1.1 7.7 E-01 2.0
HSPB8 heat shock 22kDa protein 8 -2.4 2.0 E-04 0.5
PGM5 phosphoglucomutase 5 -4.4 3.7 E-07 0.5
ASPA aspartoacylase (Canavan disease) -5.2 4.6 E-12 0.3
MT1M metallothionein 1M -5.8 6.8 E-04 0.7
DPT dermatopontin -6.3 6.4 E-09 0.4
HPRT1 hypoxanthine phosphoribosyltransferase 1 1.1 9.9 E-02 1.0
NP=normal prostate tissue, LG = Gleason score ≤6 prostate cancer, 
HG = Gleason score ≥7 prostate cancer.*
To test for statistical significance, one-way ANOVA analysis was used
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ONECUT2 one cut homeobox 2 14.3 8.4 E-07 n.a.
RRM2 ribonucleotide reductase M2 polypeptide 8.6 7.9 E-07 8.1
ACSM1 acyl-CoA synthetase medium-chain family 
member 1 
8.4 4.8 E-04 7.4
TDRD1 tudor domain containing 1 7.7 2.9 E-03 139.0
MS4A8B membrane-spanning 4-domains,subfam. 
A, member 8B 
5.0 1.0 E-05 16.6
HOXC6 homeobox C6 4.6 5.0 E-04 10.5
PTPRT protein tyrosine phosphatase, receptor 
type, T
4.2 1.1 E-03 21.2
NKAIN1 Na+/K+ transporting ATPase interacting 1 3.8 2.9 E-03 17.6
DLX1 distal-less homeobox 1 3.5 1.6 E-05 39.0
HOXC4 homeobox C4 2.3 2.5 E-03 n.a.
CRISP3 cysteine-rich secretory protein 3 17.1 3.9 E-03 68.5
GLYATL1 glycine-N-acyltransferase-like 1 10.2 1.7 E-08 12.6
AMACR alpha-methylacyl-CoA racemase 9.6 5.7 E-08 58.0
TMEM45B transmembrane protein 45B 7.1 3.4 E-05 13.9
FOLH1 folate hydrolase 
(prostate-spec. membrane antigen) 1
6.5 7.3 E-04 5.4
C19orf48 chromosome 19 open reading frame 48 5.9 4.1 E-09 3.7
ALDH3B2 aldehyde dehydrogenase 3 family, 
member B2 
5.7 4.4 E-06 24.0
NETO2 neuropilin (NRP) and tolloid (TLL)-like 2 5.6 2.0 E-06 11.3
TLCD1 TLC domain containing 1 4.7 1.3 E-10 4.0
FASN fatty acid synthase 4.7 1.2 E-07 3.9
GRPR gastrin-releasing peptide receptor 4.5 1.4 E-03 5.2
TOP2A topoisomerase (DNA) II alpha 170kDa 3.8 1.2 E-04 8.7
FAM111B family with sequence similarity 111, 
member B
3.8 2.7 E-04 2.9
TPX2 TPX2, microtubule-associated, homolog 
(Xenopus laevis) 
3.5 5.5 E-05 12.2
CGREF1 cell growth regulator with EF-hand 
domain 1
3.2 4.9 E-07 7.0
PPFIA2 protein tyrosine phosphatase,receptor 
type,f polypept
3.0 3.2 E-02 8.5
ERG v-ets erythroblastosis virus E26 oncogene 
homolog
3.0 8.7 E-02 26.7
MKI67 antigen identified by monoclonal 
antibody Ki-67 
3.0 5.2 E-04 7.9
COMP cartilage oligomeric matrix protein 3.0 1.7 E-03 15.1
PTTG1 pituitary tumour-transforming 1 2.7 1.3 E-03 4.1
CKS2 CDC28 protein kinase regulatory subunit 2 2.6 2.1 E-03 3.0
ANLN anillin, actin binding protein 2.2 3.7 E-03 4.6
KIF20A kinesin family member 20A 1.9 1.1 E-02 15.5
KIF4A kinesin family member 4A 1.8 1.8 E-02 14.8
BUB1 budding uninhibited by benzimidazoles 1 
homolog
1.8 7.1 E-03 4.6
CDC20 cell division cycle 20 homolog 
(S. cerevisiae)
1.7 1.2 E-01 9.3
FAM110B family with sequence similarity 110, 
member B
1.7 2.9 E-01 2.0
TTN titin 1.5 4.6 E-01 0.7
UGT2B15 UDP glucuronosyltransferase 2 family, 
polypeptide B15 
1.3 5.8 E-01 14.0
NR4A1 nuclear receptor subfamily 4, group A, 
member 1
1.1 7.7 E-01 2.0
HSPB8 heat shock 22kDa protein 8 -2.4 2.0 E-04 0.5
PGM5 phosphoglucomutase 5 -4.4 3.7 E-07 0.5
ASPA aspartoacylase (Canavan disease) -5.2 4.6 E-12 0.3
MT1M metallothionein 1M -5.8 6.8 E-04 0.7
DPT dermatopontin -6.3 6.4 E-09 0.4
HPRT1 hypoxanthine phosphoribosyltransferase 1 1.1 9.9 E-02 1.0
NP=normal prostate tissue, LG = Gleason score ≤6 prostate cancer, 
HG = Gleason score ≥7 prostate cancer.*
To test for statistical significance, one-way ANOVA analysis was used
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score	≥7	prostate	 cancer	upon	biopsy.	Men	who	were	 scheduled	 for	 (initial	 or	 repeat)	
prostate	biopsies,	based	on	elevated	sPSA	levels,	a	family	history	of	prostate	cancer	or	
an	 abnormal	 DRE	 were	 included.	 First-catch	 urine	 after	 DRE	 was	 collected	 from	 443	
men,	as	described	by	Groskopf	et	al9.	Prostate	biopsies	were	performed	and	evaluated	
per	 hospital’s	 standard	 procedure	 (9-12	 biopsy	 cores).	 In	 addition,	 one	 experienced	
genitourinary	 pathologist	 (CAH-K)	 reviewed	 all	 biopsy	 Gleason	 scores	 independently,	
being	blinded	for	the	biomarker	scores.	Men	were	recruited	at	six	urology	clinics	in	the	
Netherlands	(Radboud	University	Nijmegen	Medical	Centre,	Nijmegen;	Academic	Medical	
Centre,	 Amsterdam;	 ZGT	 Hospital,	 Hengelo;	 Canisius	Wilhelmina	 Hospital,	 Nijmegen;	


















First-catch	 urine	 specimens	 after	 DRE	 were	 processed	 using	 a	 validated	 standard	
operating	 procedure	 (SOP).	 This	 SOP	 is	 an	 integration	 of	 procedures	 for	 whole	 urine,	
described	 by	 Groskopf	 et al9,	 and	 urinary	 sediments	 as	 described	 by	 Hessels	 et al23.	
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In	 short,	 immediately,	 2.5	ml	 of	 the	 first	 voided	 urine	 after	 DRE	was	 transferred	 to	 a	
Progensa®	 PCA3	 urine	 sample	 collection	 tube	 containing	 sample	 transport	 medium	














precipitation	 (Ambion,	 Cat	 no.	 AM	9740).	Total	 RNA	 from	 the	 sediments	was	 used	 to	
generate	amplified	sense-strand	cDNA	using	the	Whole	Transcriptome	(WT)	Expression	
Kit	 (Ambion,	 Cat	 no.	 4411974)	 according	 to	 the	manufacturers	 protocol.	 Fluorescence	
based	real-time	PCR	assays	were	designed	by	and	manufactured	by	TIB	Molbiol	Berlin.	




and	was	 >1.85.	 Control	 samples	with	 known	 template	 concentrations	were	 used	 as	 a	
reference.	Two	μl	of	each	cDNA	sample	were	amplified	in	a	20	μl	PCR	reaction	containing	
optimized	amounts	of	 forward	primer	and	 reverse	primer,	 2	pmol	of	hydrolysis	probe	








KLK3,	mPCA3,	TMPRSS2-ERG,	HPRT	and	 the	 ten	most	 promising	biomarkers	 that	were	
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variables)	 and	 the	nonparametric	Mann	Whitney	 test	 (for	 continuous	 variables)	were	















Biomarker discovery on tissue specimen
To	 identify	 candidate	 biomarkers,	 we	 used	 the	 Affymetrix	 exon	 array	 platform	 to	
molecularly	profile	prostate	cancer	tissue	specimens	in	several	categories	(NP,	BPH,	LG	




biomarkers	 (HOXC4, HOXC6, DLX1, TDRD1, ONECUT2, NKAIN1, MS4A8B, PTPRT, RRM2 and	
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5
ACSM1).	With	 these	markers,	we	 tested	 the	 hypothesis	 that	 (a	 combination	 of)	 these	
ten	candidate	biomarkers	 is	 superior	 to	 the	established	biomarkers	sPSA	and	PCA3	 to	
identify	patients	with	Gleason	score	≥7	prostate	cancer	upon	biopsy	in	urine	specimen.
Clinical prospective study on urine after DRE






Figure 1 	 Study	 design.	 A	 stepwise	 approach	 for	 the	 identification	 and	 selection	 of	 a	 prognostic	
gene	panel.		The	pre-clinical	biomarker	discovery	study	in	snap	frozen	tissue.	Then,	the	hypothesis	
that	a	combination	of	the	ten	selected	most	promising	biomarkers	is	superior	to	the	established	
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Table	 3	 shows	 the	 biomarker	 characteristics	 per	 biopsy	 outcome:	 prostate	 cancer,	
significant	prostate	cancer	and	Gleason	score	≥7	prostate	cancer.	All	biomarkers,	except	
RRM2,	were	expressed	 significantly	higher	 in	patients	with	prostate	 cancer	 compared	
to	patients	without	prostate	cancer.	 In	patients	with	Gleason	score	≥7	prostate	cancer	
diagnosis	upon	biopsy,	all	biomarker	 levels	were	significantly	higher	 compared	 to	 the	
rest	of	patients	(Gleason	score	≤6	prostate	cancer	or	biopsy	negative	patients).	HPRT	was	
not	significantly	correlated	with	each	outcome	(negative	control).
sPSA,	and	mRNA	levels	of	HOXC4, HOXC6, DLX1, TDRD1, ONECUT2, NKAIN1, MS4A8B	and	
PTPRT	were	 significantly	higher	 in	patients	with	Gleason	 score	≥7	 compared	 to	 those	
with	Gleason	 score	≤6	prostate	 cancer,	whereas	 Progensa	 PCA3	 score	was	 not.	When	
evaluating	 the	 subgroup	 of	 patients	with	 significant	 prostate	 cancer:	 Progensa	 PCA3	
score	and	TMPRSS2-ERG	expression	levels	were	not	discriminative	between	patients	with	





p=0.001),	TDRD1	 (OR	1.13;	95%	CI	 1.01-1.28;	p=0.038),	and	DLX1 (OR	1.15;	95%	CI	 1.01-1.30;	
Table 2  Patient characteristics of clinical prospective study, 




median (range) / n (%)
Age                65 (4 4-86)
Prostate cancer in family                    66 (18%)
No previous biopsies                 280 (78%)
Abnormal DRE                   103 (61%)
TRUS prostate volume (cc)                48 (15-200)
Prostate cancer upon biopsy                   15 7 (44%)
Gleason score ≥7                     93 (26%)
DRE = Digital Rectal Examination
TRUS = TransRectal UltraSound
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HOXC4 was	 added	 to	 the	 biomarker	 panel.	 HOXC4	 is	 expressed	 from	 the	 same	






score	≥7	prostate	 cancer	upon	biopsy	of	0.78	 (95%	CI	0.72-0.84),	which	was	 evidently	
higher	than	for	sPSA	(AUC	0.72;	95%	CI	0.66-0.78)	and	Progensa	PCA3	(AUC=0.69;	95%	
CI	 0.63-0.75)	 (Figure	 2).	When	 QUATTRO	 was	 added	 to	 sPSA,	 the	 predictive	 accuracy	
increased	to	0.82	(95%	CI	0.76-0.87)	vs.	0.79	(95%	CI	0.74-0.84)	when	PCA3	was	added	to	
sPSA.
When	 entered	 in	 logistic	 regression	 analysis,	 the	 combination	 of	 sPSA	 and	QUATTRO	



























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































are	not	 reported	 in	 compliance	with	 the	REMARK	guidelines21,22.	Our	 study	does	meet	
the	STARD	criteria	and	REMARK	guidelines.	This	is	a	multicenter	prospective	study	in	an	
intended	 to	use	 cohort,	 therefore,	 this	 cohort	 can	be	 considered	 representative	and	a	
possible	bias	to	be	minimal.
Given	 the	 heterogeneous	 character	 of	 prostate	 cancer,	 a	 panel	 of	 biomarkers	 can	
be	 superior	 to	 the	 use	 of	 a	 single	 biomarker.	 A	 panel	will	 supply	 a	 higher	 degree	 of	
redundancy.	The	combined	use	of	Progensa	PCA3	and	TMPRSS2-ERG	has	previously	been	
shown	 to	 increase	 diagnostic	 value	 of	 PCA3	 alone24.	 However,	 the	 limited	 prognostic	
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This	study	used	a	pragmatic	approach	to	identify	candidate	biomarkers	for	an	important	
clinical	 unmet	 need,	 i.e. a	 panel	 that	 can	 be	 used	 to	 identify	 patients	 with	 clinically	
significant	prostate	cancer.	Our	stepwise	development	of	the	four	gene-based	test	can	
be	 considered	 a	 result	 of	 ‘rational	 design’	 (Figure	 1),	 rather	 than	 a	 pure	 biostatistical	
interpretation	of	expression	data.	Forty	six	candidate	biomarkers	were	identified	based	
on	molecular	profiling	of	prostate	cancer	tissue	specimens.	These	candidate	biomarkers	
were	 analysed	 in	 tissue	 specimen	 by	 TLDA,	 after	 which	 ten	 of	 the	 most	 promising	
candidate	biomarkers	were	selected.	This	 formed	 the	hypothesis	 that	 (a	combination)	
of	 these	ten	candidate	biomarkers	 is	superior	 to	the	established	biomarkers	sPSA	and	
PCA3	 to	 identify	 patients	with	Gleason	 score	≥7	 prostate	 cancer	 upon	biopsy.	 A	 large	





Even	 though	 QUATTRO	 was	 selected	 on	 the	 best	 achievable	 clinical	 diagnostic	 and	
prognostic	 characteristics,	 we	 also	 looked	 into	 the	 tumour	 biological	 role	 of	 these	
genes	 and	 its	 possible	 implications	 in	 prostate	 cancer.	The	HOXC4	 and	HOXC6	 genes	
belong	to	the	Homeobox	family	and	are	 located	at	12q13.3.	HOXC	over-expression	may	
predispose	 tumour	 cells	 to	 androgen	 independence	 by	 necessitating	 adaptation	 to	
diminished	 androgen	 signalling25,26.	 TDRD1	 is	 a	 male	 germline-specific	 gene,	 located	
at	 10q25.3.	 It	belongs	 to	a	 large	 family	of	Tudor	domain	containing	proteins.	Recently,	




HOXC4, HOXC6, TDRD1	and	DLX1 in	prostate	cancer	is	still	unknown.	Yet,	it	is	possible	that	
these	genes	are	functionally	implicated	in	prostate	carcinogenesis.
The	relatively	high	number	of	urine	samples	for	which	we	could	not	run	the	molecular	
assays	 (85/443;	 19%)	 could	be	 considered	 a	 limitation	of	 the	 study.	The	 samples	were	
excluded	for	reasons	of	poor	RNA	quality,	using	an	objective	minimally	reliable	required	
number	 of	HPRT	 copies.	 	 As	 an	 ‘in	 study	 validation’	 we	 compared	 clinical	 diagnostic	
characteristics	 of	 PCA3	 assayed	 by	 RT-PCR	with	 that	 of	 the	 FDA	 approved	 Progensa®	
PCA3	test.	The	ROC	curves	were	superimposable,	so	we	considered	that	as	an	‘in	study’	






In	 this	 clinical	 study,	we	 tested	our	hypothesis	 formed	after	 the	preclinical	biomarker	
discovery	 study.	 The	 next	 step	 will	 be	 to	 validate	 our	 clinical	 results	 in	 a	 second	
independent	cohort	of	men	(have	been	recruited	currently).	Then,	we	can	test	the	logistic	
regression	equation	model	in	that	independent	cohort.
In	 conclusion,	we	 describe	 a	 stepwise	 development	 of	 a	 four	 gene-based	 test	 that	 is	
superior	 to	 sPSA	 and	 PCA3	 in	 identifying	 patients	 with	 clinically	 significant	 prostate	
cancer.	 HOXC4, HOXC6, TDRD1	 and	 DLX1,	 referred	 to	 as	 QUATTRO,	 had	 independent	
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G	 C	 C	 G	 C	 C	 A	 T	
C	 T	 T	 G	 G	 G	 T	 C	
A	 T	 C	 G	 A	 T	 G	 A	
G	 C	 C	 T	 C	 G	 C	 C	
C	 T	 G	 T	 G	 C	 C	 T	
G	 G	 T	 C	 C	 C	 G	 C	
T	 T	 G	 T	 G	 A	 G	 G	
G	 A	 A	 G	 G	 A	 C	 A	
T	 T	 A	 G	 A	 A	 A	 A	
T	 G	 A	 A	 T	 T	 G	 A	
T	 G	 T	 G	 T	 T	 C	 C	
T	 T	 A	 A	 A	 G	 G	 A	
T	 G	 G	 G	 C	 A	 G	 G	
A	 A	 A	 A	 C	 A	 G	 A	
T	 C	 C	 T	 G	 T	 T	 G	
T	 G	 G	 A	 T	 A	 T	 T	
T	 A	 T	 T	 	T	 G	 A	 A	
C	 G	 G	 G	 A	 T	 T	 A	
C	 A	 G	 A	 T	 T	 T	 G	
A	 A	 A	 T	 G	 A	 A	 G	
T	 C	 A	 C	 A	 A	 A	 G	
T	 G	 A	 G	 C	 A	 T	 T	
A	 C	 C	 A	 A	 T	 G	 A	
G	 A	 G	 G	 A	 A	 A	 A	
C	 A	 G	 A	 C	 G	 A	 G	































		13.		Hessels	 D,	 van	 Gils	 MP,	 van	 Hooij	 O,	 et	 al:	 Predictive	 value	 of	 PCA3	 in	 urinary	 sediments	 in	
determining	clinico-pathological	characteristics	of	prostate	cancer.	Prostate	70:10-6,	2010
























ERG	Gene	Fusions	as	Diagnostic	 and	Prognostic	Urinary	Biomarkers	 for	 Prostate	Cancer.	 Eur	
Urol,	2012













A	 C	 A	 G	 A	 A	 G	 A	
A	 A	 T	 A	 G	 C	 A	 A	
G	 T	 G	 C	 C	 G	 A	 G	
A	 A	 G	 C	 T	 G	 G	 C	
A	 T	 C	 A	 G	 A	 A	 A	
A	 A	 C	 A	 G	 A	 G	 G	
G	 G	 A	 G	 A	 T	 T	 T	
G	 T	 G	 T	 G	 G	 C	 T	
G	 C	 A	 G	 C	 C	 G	 A	
G	 G	 G	 A	 G	 A	 C	 C	
A	 G	 G	 A	 A	 G	 A	 T	
C	 T	 G	 C	 A	 T	 G	 G	
T	 G	 G	 G	 A	 A	 G	 G	
A	 C	 C	 T	 G	 A	 T	 G	
A	 T	 A	 C	 A	 G	 A	 G	
G	 A	 A	 T	 T	 A	 C	 A	
A	 C	 A	 C	 A	 T	 A	 T	
A	 C	 T	 T	 A	 G	 T	 G	
T	 T	 T	 C	 A	 A	 T	 G	
A	 A	 C	 A	 C	 C	 A	 A	
G	 A	 T	 A	 A	 A	 T	 A	
A	 G	 T	 G	 A	 A	 G	 A	
G	 C	 T	 A	 G	 T	 C	 C	
G	 C	 T	 G	 T	 G	 A	 G	
T	 C	 T	 C	 C	 T	 C	 A	
G	 T	 G	 A	 C	 A	 C	 A	
G	 G	 G	 C	 T	 G	 G	 A	
T	 C	 A	 C	 C	 A	 T	 C	
G	 A	 C	 G	 G	 C	 A	 C	
T	 T	 T	 C	 T	 G	 A	 G	
T	 A	 C	 T	 C	 A	 G	 T	
G	 C	 A	 G	 C	 A	 A	 A	
G	 A	 A	 A	 G	 A	 C	 T	
A	 C	 A	 G	 A	 C	 A	 T	
C	 T	 C	 A	 A	 T	 G	 G	
C	 A	 G	 G	 G	 G	 T	 G	
A	 G	 A	 A	 A	 T	 A	 A	
G	 A	 A	 A	 G	 G	 C	 T	
G	 C	 T	 G	 A	 C	 T	 T	
T	 A	 C	 C	 A	 T	 C	 T	
G	 A	 G	 G	 C	 C	 A	 C	
A	 C	 A	 T	 C	 T	 G	 C	
T	 G	 A	 A	 A	 T	 G	 G	
A	 G	 A	 T	 A	 A	 T	 T	
A	 A	 C	 A	 T	 C	 A	 C	
T	 A	 G	 A	 A	 A	 C	 A	
G	 C	 A	 A	 G	 A	 T	 G	
A	 C	 A	 A	 T	 A	 T	 A	
A	 T	 G	 T	 C	 T	 A	 A	
G	 T	 A	 G	 T	 G	 A	 C	
A	 T	 G	 T	 T	 T	 T	 T	
G	 C	 A	 C	 A	 T	 T	 T	
C	 C	 A	 G	 C	 C	 C	 C	
T	 T	 T	 A	 A	 A	 T	 A	
T	 C	 C	 A	 C	 A	 C	 A	
C	 A	 C	 A	 G	 G	 A	 A	
G	 C	 A	 C	 A	 A	 A	 A	
G	 G	 A	 A	 G	 C	 A	 C	
A	 G	 A	 G	 A	 T	 C	 C	
C	 T	 G	 G	 G	 A	 G	 A	
A	 A	 T	 G	 C	 C	 C	 G	
G	 C	 C	 G	 C	 C	 A	 T	
C	 T	 T	 G	 G	 G	 T	 C	
A	 T	 C	 G	 A	 T	 G	 A	
G	 C	 C	 T	 C	 G	 C	 C	
C	 T	 G	 T	 G	 C	 C	 T	
G	 G	 T	 C	 C	 C	 G	 C	
T	 T	 G	 T	 G	 A	 G	 G	
G	 A	 A	 G	 G	 A	 C	 A	
T	 T	 A	 G	 A	 A	 A	 A	
T	 G	 A	 A	 T	 T	 G	 A	
T	 G	 T	 G	 T	 T	 C	 C	
T	 T	 A	 A	 A	 G	 G	 A	
T	 G	 G	 G	 C	 A	 G	 G	
A	 A	 A	 A	 C	 A	 G	 A	
T	 C	 C	 T	 G	 T	 T	 G	
T	 G	 G	 A	 T	 A	 T	 T	
T	 A	 T	 T	 	T	 G	 A	 A	
C	 G	 G	 G	 A	 T	 T	 A	
C	 A	 G	 A	 T	 T	 T	 G	
A	 A	 A	 T	 G	 A	 A	 G	
T	 C	 A	 C	 A	 A	 A	 G	
T	 G	 A	 G	 C	 A	 T	 T	
A	 C	 C	 A	 A	 T	 G	 A	
G	 A	 G	 G	 A	 A	 A	 A	
C	 A	 G	 A	 C	 G	 A	 G	
A	 A	 A	 A	 T	 C	 T	 T	
5
A	 C	 A	 G	 A	 A	 G	 A	 A	 A	 T	 A	 G	 C	 A	 A G	 T	 G	 C	 C	 G	 A	 G	 A	 A	 G	 C	 T	 G	 G	 C	 A	 T	 C	 A	 G	 A	 A	 A	 A	 A	 C	 A	 G	 A	 G	 G	 G	 G	 A	 G	 A	 T	 T	 T	 G	 T	 G	 T	 G	 G	 C	 T	 G	 C	 A	 G	 C	 C	 G	 A	 G	 G	 G	 A	 G	 A	 C	 C	 A	 G	 G	 A	 A	 G	 A	 T	 C	 T	 G	 C	 A	 T	 G	 G	 T	 G	 G	 G	 A	 A	 G	 G	 A	 C	 C	 T	 G	 A	 T	 G	 A	 T	 A	 C	 A	 G	 A	
G	 G	 A	 A	 T	 T	 A	 C	 A	 A	 C	 A	 C	 A T	 A T	 A	 C	 T	 T	 A	 G	 T	 G	 T	 T	 T	 C	 A	 A	 T	 G	 A	 A	 C	 A	 C	 C	 A	 A	 G	 A	 T	 A	 A	 A	 T	 A	 A	 G	 T	 G	 A	 A	 G	 A	 G	 C	 T	 A	 G	 T	 C	 C	 G	 C	 T	 G	 T	 G	 A	 G	 T	 C	 T	 C	 C	 T	 C	 A	 G	 T	 G	 A	 C	 A	 C	 A	 G	 G	 G	 C	 T	 G	 G	 A	 T	 C	 A	 C	 C	 A	 T	 C	 G	 A	 C	 G	 G	 C	 A	 C	 T	 T	 T	 C	 T	 G	
A	 G	 T	 A	 C	 T	 C	 A	 G	 T	 G	 C A	 G	 C	 A A	 A	 G	 A	 A	 A	 G	 A	 C	 T	 A	 C	 A	 G	 A	 C	 A	 T	 C	 T	 C	 A	 A	 T	 G	 G	 C	 A	 G	 G	 G	 G	 T	 G	 A	 G	 A	 A	 A	 T	 A	 A	 G	 A	 A	 A	 G	 G	 C	 T	 G	 C	 T	 G	 A	 C	 T	 T	 T	 A	 C	 C	 A	 T	 C	 T	 G	 A	 G	 G	 C	 C	 A	 C	 A	 C	 A	 T	 C	 T	 G	 C	 T	 G	 A	 A	 A	 T	 G	 G	 A	 G	 A	 T	 A	 A	 T	 T	 A	 A	 C	 A	 T	
C	 A	 C	 T	 A	 G	 A	 A	 A	 C A	 G	 C	 A	 A	 G A	 T	 G	 A	 C	 A	 A	 T	 A	 T	 A	 A	 T	 G	 T	 C	 T	 A	 A	 G	 T	 A	 G	 T	 G	 A	 C	 A	 T	 G	 T	 T	 T	 T	 T	 G	 C	 A	 C	 A	 T	 T	 T	 C	 C	 A	 G	 C	 C	 C	 C	 T	 T	 T	 A	 A	 A	 T	 A	 T	 C	 C	 A	 C	 A	 C	 A	 C	 A	 C	 A	 G	 G	 A	 A	 G	 C	 A	 C	 A	 A	 A	 A	 G	 G	 A	 A	 G	 C	 A	 C	 A	 G	 A	 G	 A	 T	 C	 C	 C	 T	 G	 G	
G	 A	 G	 A	 A	 A	 T	 G C	 C	 C	 G	 G	 C	 C	 G C	 C	 A	 T	 C	 T	 T	 G	 G	 G	 T	 C	 A	 T	 C	 G	 A	 T	 G	 A	 G	 C	 C	 T	 C	 G	 C	 C	 C	 T	 G	 T	 G	 C	 C	 T	 G	 G	 T	 C	 C	 C	 G	 C	 T	 T	 G	 T	 G	 A	 G	 G	 G	 A	 A	 G	 G	 A	 C	 A	 T	 T	 A	 G	 A	 A	 A	 A	 T	 G	 A	 A	 T	 T	 G	 A	 T	 G	 T	 G	 T	 T	 C	 C	 T	 T	 A	 A	 A	 G	 G	 A	 T	 G	 G	 G	 C	 A	 G	 G	 A	 A	 A	
A	 C	 A	 G	 A	 T C	 C	 T	 G	 T	 T	 G	 T	 G	 G A	 T	 A	 T	 T	 T	 A	 T	 T	 	T	 G	 A	 A	 C	 G	 G	 G	 A	 T	 T	 A	 C	 A	 G	 A	 T	 T	 T	 G	 A	 A	 A	 T	 G	 A	 A	 G	 T	 C	 A	 C	 A	 A	 A	 G	 T	 G	 A	 G	 C	 A	 T	 T	 A	 C	 C	 A	 A	 T	 G	 A	 G	 A	 G	 G	 A	 A	 A	 A	 	C	 A	 G	 A	 C	 G	 A	 G	 A	 A	 A	 A	 T	 C	 T	 T	 G	 A	 T	 G	 G	 C	 T	 T	 C	 A	 C	 A	 A	 G	 	A	 C	 A	 T	
G	 C	 A	 A C	 A	 A	 A	 C	 A	 A	 A	 A	 T	 G	 G A	 A	 T	 A	 C	 T	 G	 T	 G	 A	 T	 G	 A	 C	 A	 T	 G	 A	 G	 G	 	C	 A	 G	 C	 C	 A	 A	 G	 C	 T	 G	 G	 G	 G	 A	 G	 G	 A	 G	 A	 T	 A	 A	 C	 C	 A	 C	 G	 G	 G	 G	 C	 A	 G	 A	 G	 G	 G	 T	 C	 A	 G	 G	 A	 T	 T	 C	 T	 G	 G	 C	 C	 C	 T	 G	 C	 T	 G	 C	 C	 T	 A	 A	 A	 C	 T	 G	 T	 G	 C	 G	 T	 T	 C	 A	 T	 A	 A	 C	 C	 A	 A	 A	
T	 C A	 T	 T	 T	 C	 A	 T	 A	 T	 T	 T	 C	 T	 A A	 C	 C	 C	 T	 C	 A	 A	 A	 A	 C	 	A	 A	 A	 G	 C	 T	 G	 T	 T	 G	 	T	 A	 A	 T	 A	 T	 C	 T	 G	 A	 T	 C	 T	 C	 T	 A	 C	 G	 G	 T	 T	 C	 C	 T	 T	 C	 T	 G	 G	 G	 C	 C	 C	 A	 A	 C	 A	 T	 T	 C	 T	 C	 C	 A	 T	 A	 T	 A	 T	 C	 C	 A	 G	 C	 C	 A	 C	 A	 C	 T	 	C	 A	 T	 T	 T	 T	 T	 A	 A	 T	 A	 T	 T	 T	 A	 G	 T	 T	 C	 C	 C	 A 
G	 A	 T	 C	 T	 G	 T	 A	 C	 T	 G	 T	 G	 A	 C	 C T	 T	 T	 C	 T	 A	 C	 A	 C	 T	 G	 T	 A	 G	 A	 A	 T	 A	 A	 C	 A	 T	 T	 A	 C	 T	 C	 A	 T	 T	 T	 T	 G	 T	 T	 C	 A	 A	 A	 G	 A	 C	 C	 C	 T	 T	 C	 G	 T	 G	 T	 T	 G	 C	 T	 G	 C	 C	 T	 A	 A	 T	 A	 T	 G	 T	 A	 G	 C	 T	 G	 A	 C	 T	 G	 T	 T	 T	 T	 T	 C	 C	 T	 A	 A	 G	 G	 A	 G	 T	 G	 T	 T	 C	 T	 G	 G	 C	 C	 C	 A G	 G	
G	 G	 A	 T	 C	 T	 G	 T	 G	 A	 A	 C	 A	 G	 G	 C T	 G	 G	 G	 A	 A	 G	 C	 A	 T	 C	 T	 C	 A	 A	 G	 A	 T	 C	 T	 T	 T	 C	 C	 A	 G	 G	 G	 T	 T	 A	 T	 A	 C	 T	 T	 A	 C	 T	 A	 G	 C	 A	 	C	 A	 C	 A	 G	 C	 A	 T	 G	 A	 T	 C	 A	 T	 T	 A	 C	 G	 G	 A	 G	 T	 G	 A	 A	 T	 T	 A	 T	 C	 T	 A	 A	 T	 C	 A	 A	 C	 A	 T	 C	 A	 T	 C	 C	 T	 C	 A	 G	 T	 G	 T	 C	 T	 T	 T G	 C	 C	 C	
A	 T	 A	 C	 T	 G	 A	 A	 A	 T	 T	 C	 A	 T	 T	 T C	 C	 C	 A	 	C	 T	 T	 T	 T	 G	 T	 G	 C	 C	 C	 A	 T	 T	 C	 T	 C	 A	 A	 G	 A	 C	 C	 T	 C	 A	 A	 A	 A	 T	 G	 T	 C	 A	 T	 T	 C	 C	 A	 T	 T	 A	 A	 T	 A	 T	 C	 A	 C	 A	 G	 G	 A	 T	 T	 A	 A	 C	 T	 T	 	T	 T	 T	 T	 T	 T	 T	 T	 A	 A	 C	 C	 T	 G	 G	 A	 A	 G	 A	 A	 T	 T	 C	 A	 A	 T	 G	 T	 T	 A	 C	 A	 T G	 C	 A	 G	 C	 T	
A	 T	 G	 G	 G	 A	 A	 T	 T	 T	 A	 A	 T	 T	 A	 C A	 T	 A	 T	 T	 	T	 T	 G	 T	 T	 T	 T	 C	 C	 A	 G	 T	 G	 C	 A	 A	 A	 G	 A	 T	 G	 A	 C	 T	 A	 A	 G	 T	 C	 C	 T	 T	 T	 A	 T	 C	 C	 C	 T	 C	 C	 C	 C	 T	 T	 T	 G	 T	 T	 T	 G	 A	 T	 T	 T	 T	 T	 T	 T	 T	 	C	 C	 A	 G	 T	 A	 T	 A	 A	 A	 G	 T	 T	 A	 A	 A	 A	 T	 G	 C	 T	 T	 A	 G	 C	 C	 T	 T	 G	 T A	 C	 T	 G	 A	 G	 G	 C	
T	 G	 T	 A	 T	 A	 C	 A	 G	 C	 A	 C	 A	 G	 C	 C T	 C	 T	 C	 C	 C	 	C	 A	 T	 C	 C	 C	 T	 C	 C	 A	 G	 C	 C	 T	 T	 A	 T	 C	 T	 G	 T	 C	 A	 T	 C	 A	 C	 C	 A	 T	 C	 A	 A	 C	 C	 C	 C	 T	 C	 C	 C	 A	 T	 A	 C	 C	 A	 C	 C	 T	 A	 A	 A	 C	 A	 A	 A	 A	 T	 C	 T	 A	 A	 C	 T	 T	 G	 T	 A	 A	 T	 T	 C	 C	 T	 T	 G	 A	 A	 C	 A	 T	 G	 T	 C	 A	 G G	 A	 C	 A	 T	 A	 C	 A	 T	 T	
A	 T	 T	 	C	 C	 T	 T	 C	 T	 G	 C	 C	 T	 G	 A	 G A	 A	 G	 C	 T	 C	 T	 T	 C	 C	 T	 T	 G	 T	 C	 T	 C	 T	 T	 A	 A	 A	 T	 C	 T	 A	 G	 A	 A	 T	 G	 A	 T	 G	 T	 A	 A	 A	 G	 T	 T	 T	 T	 G	 A	 A	 T	 	A	 A	 G	 T	 T	 G	 A	 C	 T	 A	 T	 C	 T	 T	 A	 C	 T	 T	 C	 A	 T	 G	 C	 A	 A	 A	 G	 A	 A	 G	 G	 G	 A	 C	 A	 C	 A	 T	 A	 T	 G	 A	 G	 A T	 T	 C	 A	 T	 C	 A	 T	 C	 A	 C	 A	
T	 G	 A	 G	 	A	 C	 A	 G	 C	 A	 A	 A	 T	 A	 C	 T A	 A	 A	 A	 G	 T	 G	 T	 A	 A	 T	 T	 T	 G	 A	 T	 T	 A	 T	 A	 A	 G	 A	 G	 T	 T	 T	 A	 G	 A	 T	 A	 A	 A	 T	 A	 T	 A	 T	 G	 A	 A	 A	 T	 G	 C	 A	 A	 	G	 A	 G	 C	 C	 A	 C	 A	 G	 A	 G	 G	 G	 A	 A	 T	 G	 T	 T	 T	 A	 T	 G	 G	 G	 G	 T	 T	 T	 T	 C	 A	 C	 T	 T	 G	 G	 T	 C	 G	 G A	 A	 T	 G	 G	 G	 G	 A	 G	 A	 G	 T	 G	 T	
G	 C	 A	 A	 G	 A	 G	 A	 T	 C	 G	 C	 T	 G	 C	 G G	 G	 A	 C	 A	 G	 G	 T	 T	 C	 C	 T	 A	 G	 A	 G	 A	 T	 C	 G	 C	 T	 C	 C	 G	 G	 G	 A	 C	 G	 G	 T	 C	 G	 T	 G	 A	 C	 G	 G	 C	 C	 C	 C	 C	 G	 A	 G	 G	 G	 A	 C	 A	 T	 G	 A	 G	 A	 G	 A	 A	 G	 A	 G	 G	 A G	 C	 G	 G	 C	 G	 C	 T	 C	 A	 G	 G	 T	 T	 A	 T	 T	 C	 C	 A	 G G	 A	 T	 C	 T	 T	 T	 G	 G	 A	 G	 A	 C	 C	 C	 G	
A	 G	 G	 A	 A	 A	 G	 C	 C	 G	 T	 G	 T	 T	 G	 A C	 C	 A	 A	 A	 A	 G	 C	 A	 A	 G	 A	 C	 A	 A	 A	 T	 G	 A	 C	 T	 C	 A	 C	 A	 G	 A	 G	 A	 A	 A	 A	 A	 A	 G	 A	 T	 G	 G	 C	 A	 G	 A	 A	 C	 C	 A	 A	 G	 G	 G	 C	 A	 A	 C	 T	 A	 A	 A	 G	 C	 C	 G	 T	 C	 A	 G	 G	 T	 T	 C	 T	 G	 A	 A	 C	 A	 G	 C	 T	 G	 G	 T	 A	 G A	 T	 G	 G	 G	 C	 T	 G	 G	 C	 T	 T	 A	 C	 T	 G	 A	 A	
G	 G	 A	 C	 A	 T	 G	 A	 T	 T	 C	 A	 G	 A	 C	 T G	 T	 C	 C	 C	 G	 G	 A	 C	 C	 C	 A	 G	 C	 A	 G	 C	 T	 C	 A	 T	 A	 T	 C	 A	 A	 G	 T	 T	 A	 A	 A	 C	 T	 C	 C	 A	 T	 T	 G	 A	 T	 G	 A	 T	 G	 C	 A	 C	 A	 G	 T	 T	 G	 A	 C	 A	 A	 G	 A	 A	 T	 T	 G	 C	 C	 C	 C	 T	 C	 C	 A	 A	 G	 A	 T	 C	 T	 C	 A	 T	 T	 G C	 T	 G	 T	 T	 T	 C	 T	 G	 G	 G	 A	 A	 G	 T	 A	 A	 A	 C	 G	
C	 T	 C	 C	 T	 T	 A	 A	 A	 A	 G	 A	 T	 T	 T	 A C	 T	 T	 G	 T	 A	 A	 T	 A	 C	 T	 C	 A	 A	 A	 T	 C	 A	 A	 C	 A	 A	 A	 T	 G	 C	 C	 C	 G	 C	 A	 T	 T	 C	 A	 G	 G	 C	 T	 C	 A	 T	 C	 A	 T	 A	 C	 A	 C	 G	 C	 T	 A	 T	 A	 C	 G	 A	 T	 C	 A	 A	 A	 T	 G	 A	 A	 G	 C	 A	 G	 C	 A	 T	 A	 T	 G	 G	 A	 A	 T A	 G	 A	 G	 A	 T	 C	 A	 A	 C	 A	 G	 G	 G	 G	 A	 G	 G	 G	 G	 G	 A	
A	 G	 C	 T	 T	 T	 T	 G	 G	 A	 G	 G	 G	 A	 G	 G A	 T	 C	 C	 A	 G	 T	 G	 A	 T	 C	 T	 C	 A	 T	 A	 A	 A	 G	 A	 T	 C	 T	 T	 G	 T	 C	 T	 G	 A	 G	 C	 C	 T	 G	 T	 T	 A	 G	 T	 T	 C	 T	 G	 A	 G	 G	 T	 G	 T	 G	 T	 T	 T	 T	 G	 G	 A	 C	 A	 T	 T	 G	 A	 A	 A	 A	 A	 C	 C	 T	 G	 A	 A	 A	 G	 T	 A	 A T	 T	 A	 A	 C	 C	 T	 T	 C	 C	 C	 A	 A	 T	 C	 T	 A	 A	 A	 C	 C	 G	 T	 A	
T	 T	 T	 T	 C	 C	 A	 C	 A	 A	 A	 T	 A	 G	 G	 T T	 T	 G	 T	 T	 G	 G	 A	 T	 A	 C	 T	 A	 G	 T	 A	 T	 T	 T	 T	 C	 A	 C	 G	 T	 G	 T	 A	 A	 T	 T	 A	 G	 A	 A	 A	 A	 G	 G	 A	 A	 T	 T	 A	 C	 T	 T	 T	 C	 C	 A	 T	 T	 A	 T	 T	 A	 A	 C	 A	 A	 A	 T	 A	 G	 A	 T	 G	 T	 G	 A	 C	 T	 T	 T	 G	 A C	 T	 C	 A	 T	 G	 T	 T	 C	 A	 T	 T	 T	 T	 T	 T	 T	 T	 G	 G	 C	 C	 A	 C	 A	 A	
A	 T	 T	 C	 T	 C	 A	 G	 A	 C	 T	 T	 T	 T	 G	 A T	 C	 T	 T	 A	 A	 T	 G	 G	 T	 C	 A	 A	 G	 T	 G	 C	 A	 G	 G	 T	 A	 A	 G	 A	 G	 G	 A	 A	 A	 T	 G	 A	 A	 A	 C	 A	 A	 A	 A	 T	 T	 A	 A	 G	 C	 A	 A	 T	 G	 A	 T	 T	 T	 G	 A	 A	 T	 A	 C	 A	 T	 T	 T	 T	 C	 T	 C	 C	 C	 T	 T	 G	 T	 A G	 A	 A	 G	 A	 C	 T	 A	 A	 T	 T	 A	 T	 A	 G	 T	 T	 T	 G	 G	 T	 C	 A	 T	 T	 G	 A	 G	
T	 A	 A	 T	 T	 T	 T	 C	 T	 C	 A	 G	 C	 T	 G	 C T	 T	 A	 G	 G	 A	 T	 C	 T	 T	 T	 A	 A	 T	 T	 A	 G	 G	 T	 T	 T	 G	 A	 T	 A	 T	 T	 C	 A	 C	 T	 A	 T	 G	 A	 A	 T	 G	 T	 G	 T	 G	 G	 C	 A	 G	 G	 G	 T	 T	 T	 C	 T	 T	 G	 G	 G	 A	 A	 A	 G	 T	 A	 G	 A	 G	 A	 C	 G	 G	 G	 A	 T A	 A	 A	 A	 C	 A	 T	 A	 A	 A	 T	 G	 A	 T	 T	 T	 A	 T	 G	 T	 A	 A	 C	 T	 G	 G	 A	 T	 A	 T	
G	 T	 C	 C	 C	 A	 G	 A	 G	 T	 G	 A	 A	 T	 G	 A G	 A	 C	 T	 T	 T	 G	 G	 T	 C	 T	 C	 A	 A	 G	 A	 A	 C	 T	 G	 T	 T	 C	 C	 A	 G	 T	 G	 G	 T	 T	 T	 G	 T	 C	 G	 T	 T	 C	 T	 T	 T	 G	 A	 T	 G	 A	 G	 C	 T	 C	 C	 G	 T	 A	 A	 G	 T	 G	 T	 T	 G	 C	 T	 C	 T	 T	 C	 T	 C	 A A	 C	 A	 G	 A	 A	 G	 G	 T	 T	 G	 A	 A	 T	 T	 T	 T	 A	 G	 G	 T	 G	 A	 A	 C	 A	 G	 C	 C	 T	 T	 T	
C	 C	 T	 G	 A	 T	 T	 G	 T	 G	 T	 A	 G	 A	 T	 C T	 G	 G	 A	 C	 C	 A	 C	 A	 G	 T	 T	 T	 G	 A	 A	 G	 G	 T	 G	 C	 C	 C	 C	 T	 C	 C	 C	 T	 C	 T	 C	 C	 C	 T	 C	 T	 G	 A	 T	 T	 G	 C	 C	 A	 G	 A	 G	 A	 A	 C	 C	 C	 C	 T	 G	 C	 A	 T	 T	 A	 T	 C	 A	 C	 A	 G	 C	 A A	 C	 C	 C	 A	 A	 G	 T	 C	 A	 C	 C	 C	 C	 A	 C	 G	 T	 A	 T	 T	 C	 C	 C	 A	 A	 A	 C	 A	 C	 C	 C	 A	 T	
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KLK3,	 PCA3	 and	 TMPRSS2-ERG	 mRNA	 in	 the	 PBMC	 fraction	 from	 CRPC	 patients	 was	
demonstrated.	Moreover,	response	of	these	markers	to	systemic	treatment	was	shown.	
95
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novel	 androgen	 receptor	 signalling	 inhibitors	 (enzalutamide,	 ARN	 509)	 are	 systemic	
approaches	 that	 have	 been	 found	 to	 prolong	 survival	 2-7.	 However,	 these	 treatment	
modalities	give	only	a	modest	prolongation	of	overall	survival.	
The	indication	and	sequence	of	administration	for	these	new	therapies	becomes	more	
important	 and	 the	main	 issue	 in	 the	management	 of	 CRPC	 therefore,	 is	 the	 lack	 of	
surrogate	endpoints	for	treatment	response	and	survival.	Serum	PSA,	a	serine	protease	
secreted	by	prostate	epithelial	 cells	 and	also	 known	as	 kallikrein-3	 (KLK3),	 is	 currently	
used	 as	 biomarker	 to	 measure	 disease	 burden	 and	 to	 predict	 treatment	 efficacy	 in	
CRPC	 patients	 8-10.	 For	 docetaxel	 therapy,	 a	 ≥30%	 sPSA	 decline	 within	 three	 months	








In	CRPC	patients	 the	enumeration	of	 circulating	 tumour	cells	 (CTCs)	 in	 the	peripheral	
blood	 has	 been	 evaluated	 as	 a	 potential	 prognostic	 marker	 and	 predictor	 of	 overall	





tumour	 load.	 A	 few	 studies	 already	 described	 a	 reverse-transcription	 (RT)	 polymerase	
chain	reaction	(PCR)	to	assess	PSA	mRNA	expression	in	the	peripheral	blood	mononuclear	
cell	 (PBMC)	 fraction	 17,18.	Moreover,	 the	 last	 decades	 two	 new	 prostate	 cancer	 specific	
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cancer	 specific	markers	 in	CRPC	patients	as	a	 surrogate	 test	 for	CTCs.	Nevertheless,	 a	
recent	study	by	Danila	et	al.	described	an	analytic	and	clinical	validation	of	a	prostate	
cancer-enhanced	 mRNA	 detection	 assay	 in	 whole	 blood	 as	 a	 prognostic	 biomarker	
panel	for	survival.	In	this	study	they	identified	a	5-gene	panel,	consisting	of	KLK3,	KLK2,	
HOXB13,	 GRHL2	 and	 FOXA1,	 and	 measured	 these	 markers	 in	 blood	 samples	 from	 97	
metastatic	CRPC	patients	with	progressive	disease	23.	Results	showed	that	expression	of	
at	least	two	of	the	five	genes	was	a	strong	prognostic	predictor	for	survival,	comparable	
with	 the	CellSearch	system.	Combining	 the	gene	panel	and	 the	CellSearch	resulted	 in	









commencing	 docetaxel-based	 chemotherapy	 at	 the	 urology	 outpatient	 clinic	 of	 our	
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Supernatant	was	removed	and	cell	pellets	were	 immediately	 frozen	 in	 liquid	nitrogen	
and	stored	at	-80˚C.
RNA extraction
The	 deep-frozen	 cell	 pellets	 were	 thawed	 on	 ice.	 Subsequently,	 RNA	 was	 extracted	
according	to	the	TriPure	reagent	(Roche,	Cat	no.	11	667	165	001)	guidelines.	First	1000	μL	
TriPure	Isolation	Reagent	was	added	to	the	cell	pellet	and	cells	were	lysed	by	repetitive	




transferred	 into	 a	 new	 tube.	 Isopropanol	 (500	μL)	was	 added	 to	 precipitate	 the	 RNA.	
The	samples	were	incubated	at	room	temperature	for	10	minutes.	Again	samples	were	
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Transcript amplification and reverse transcription
The	 Nanodrop	 1000	 (Thermo	 Scientific)	 was	 used	 for	 both	 quantification	 and	 purity	
checks	of	 the	RNA	 samples.	 First-strand	 cDNA	syntheses	were	done	using	a	modified	
Qiagen	 QuantiTect	 protocol.	 Ten	 μg	 RNA	 extracted	 from	 the	 mononuclear	 cells	 was	
dissolved	 in	 RNase-free	water	 to	 a	 volume	 of	 12	 μL.	 Two	 μL	 of	 cDNA	wipeout	 buffer	




Calibration	 curves	 with	 a	 wide	 linear	 dynamic	 range	 (10-1,000,000	 copies)	 were	
generated	 using	 serial	 dilutions	 of	 linearized	 plasmids.	 Control	 samples	 with	 known	
template	 concentrations	 were	 used	 as	 a	 reference.	 Two	 μL	 of	 each	 cDNA	 sample,	














A	 C	 A	 G	 A	 A	 G	 A	
A	 A	 T	 A	 G	 C	 A	 A	
G	 T	 G	 C	 C	 G	 A	 G	
A	 A	 G	 C	 T	 G	 G	 C	
A	 T	 C	 A	 G	 A	 A	 A	
A	 A	 C	 A	 G	 A	 G	 G	
G	 G	 A	 G	 A	 T	 T	 T	
G	 T	 G	 T	 G	 G	 C	 T	
G	 C	 A	 G	 C	 C	 G	 A	
G	 G	 G	 A	 G	 A	 C	 C	
A	 G	 G	 A	 A	 G	 A	 T	
C	 T	 G	 C	 A	 T	 G	 G	
T	 G	 G	 G	 A	 A	 G	 G	
A	 C	 C	 T	 G	 A	 T	 G	
A	 T	 A	 C	 A	 G	 A	 G	
G	 A	 A	 T	 T	 A	 C	 A	
A	 C	 A	 C	 A	 T	 A	 T	
A	 C	 T	 T	 A	 G	 T	 G	
T	 T	 T	 C	 A	 A	 T	 G	
A	 A	 C	 A	 C	 C	 A	 A	
G	 A	 T	 A	 A	 A	 T	 A	
A	 G	 T	 G	 A	 A	 G	 A	
G	 C	 T	 A	 G	 T	 C	 C	
G	 C	 T	 G	 T	 G	 A	 G	
T	 C	 T	 C	 C	 T	 C	 A	
G	 T	 G	 A	 C	 A	 C	 A	
G	 G	 G	 C	 T	 G	 G	 A	
T	 C	 A	 C	 C	 A	 T	 C	
G	 A	 C	 G	 G	 C	 A	 C	
T	 T	 T	 C	 T	 G	 A	 G	
T	 A	 C	 T	 C	 A	 G	 T	
G	 C	 A	 G	 C	 A	 A	 A	
G	 A	 A	 A	 G	 A	 C	 T	
A	 C	 A	 G	 A	 C	 A	 T	
C	 T	 C	 A	 A	 T	 G	 G	
C	 A	 G	 G	 G	 G	 T	 G	
A	 G	 A	 A	 A	 T	 A	 A	
G	 A	 A	 A	 G	 G	 C	 T	
G	 C	 T	 G	 A	 C	 T	 T	
T	 A	 C	 C	 A	 T	 C	 T	
G	 A	 G	 G	 C	 C	 A	 C	
A	 C	 A	 T	 C	 T	 G	 C	
T	 G	 A	 A	 A	 T	 G	 G	
A	 G	 A	 T	 A	 A	 T	 T	
A	 A	 C	 A	 T	 C	 A	 C	
T	 A	 G	 A	 A	 A	 C	 A	
G	 C	 A	 A	 G	 A	 T	 G	
A	 C	 A	 A	 T	 A	 T	 A	
A	 T	 G	 T	 C	 T	 A	 A	
G	 T	 A	 G	 T	 G	 A	 C	
A	 T	 G	 T	 T	 T	 T	 T	
G	 C	 A	 C	 A	 T	 T	 T	
C	 C	 A	 G	 C	 C	 C	 C	
T	 T	 T	 A	 A	 A	 T	 A	
T	 C	 C	 A	 C	 A	 C	 A	
C	 A	 C	 A	 G	 G	 A	 A	
G	 C	 A	 C	 A	 A	 A	 A	
G	 G	 A	 A	 G	 C	 A	 C	
A	 G	 A	 G	 A	 T	 C	 C	
C	 T	 G	 G	 G	 A	 G	 A	
A	 A	 T	 G	 C	 C	 C	 G	
G	 C	 C	 G	 C	 C	 A	 T	
C	 T	 T	 G	 G	 G	 T	 C	
A	 T	 C	 G	 A	 T	 G	 A	
G	 C	 C	 T	 C	 G	 C	 C	
C	 T	 G	 T	 G	 C	 C	 T	
G	 G	 T	 C	 C	 C	 G	 C	
T	 T	 G	 T	 G	 A	 G	 G	
G	 A	 A	 G	 G	 A	 C	 A	
T	 T	 A	 G	 A	 A	 A	 A	
T	 G	 A	 A	 T	 T	 G	 A	
T	 G	 T	 G	 T	 T	 C	 C	
T	 T	 A	 A	 A	 G	 G	 A	
T	 G	 G	 G	 C	 A	 G	 G	
A	 A	 A	 A	 C	 A	 G	 A	
T	 C	 C	 T	 G	 T	 T	 G	
T	 G	 G	 A	 T	 A	 T	 T	
T	 A	 T	 T	 	T	 G	 A	 A	
C	 G	 G	 G	 A	 T	 T	 A	
C	 A	 G	 A	 T	 T	 T	 G	
A	 A	 A	 T	 G	 A	 A	 G	
T	 C	 A	 C	 A	 A	 A	 G	
T	 G	 A	 G	 C	 A	 T	 T	
A	 C	 C	 A	 A	 T	 G	 A	
G	 A	 G	 G	 A	 A	 A	 A	
C	 A	 G	 A	 C	 G	 A	 G	



















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































A	 C	 A	 G	 A	 A	 G	 A	
A	 A	 T	 A	 G	 C	 A	 A	
G	 T	 G	 C	 C	 G	 A	 G	
A	 A	 G	 C	 T	 G	 G	 C	
A	 T	 C	 A	 G	 A	 A	 A	
A	 A	 C	 A	 G	 A	 G	 G	
G	 G	 A	 G	 A	 T	 T	 T	
G	 T	 G	 T	 G	 G	 C	 T	
G	 C	 A	 G	 C	 C	 G	 A	
G	 G	 G	 A	 G	 A	 C	 C	
A	 G	 G	 A	 A	 G	 A	 T	
C	 T	 G	 C	 A	 T	 G	 G	
T	 G	 G	 G	 A	 A	 G	 G	
A	 C	 C	 T	 G	 A	 T	 G	
A	 T	 A	 C	 A	 G	 A	 G	
G	 A	 A	 T	 T	 A	 C	 A	
A	 C	 A	 C	 A	 T	 A	 T	
A	 C	 T	 T	 A	 G	 T	 G	
T	 T	 T	 C	 A	 A	 T	 G	
A	 A	 C	 A	 C	 C	 A	 A	
G	 A	 T	 A	 A	 A	 T	 A	
A	 G	 T	 G	 A	 A	 G	 A	
G	 C	 T	 A	 G	 T	 C	 C	
G	 C	 T	 G	 T	 G	 A	 G	
T	 C	 T	 C	 C	 T	 C	 A	
G	 T	 G	 A	 C	 A	 C	 A	
G	 G	 G	 C	 T	 G	 G	 A	
T	 C	 A	 C	 C	 A	 T	 C	
G	 A	 C	 G	 G	 C	 A	 C	
T	 T	 T	 C	 T	 G	 A	 G	
T	 A	 C	 T	 C	 A	 G	 T	
G	 C	 A	 G	 C	 A	 A	 A	
G	 A	 A	 A	 G	 A	 C	 T	
A	 C	 A	 G	 A	 C	 A	 T	
C	 T	 C	 A	 A	 T	 G	 G	
C	 A	 G	 G	 G	 G	 T	 G	
A	 G	 A	 A	 A	 T	 A	 A	
G	 A	 A	 A	 G	 G	 C	 T	
G	 C	 T	 G	 A	 C	 T	 T	
T	 A	 C	 C	 A	 T	 C	 T	
G	 A	 G	 G	 C	 C	 A	 C	
A	 C	 A	 T	 C	 T	 G	 C	
T	 G	 A	 A	 A	 T	 G	 G	
A	 G	 A	 T	 A	 A	 T	 T	
A	 A	 C	 A	 T	 C	 A	 C	
T	 A	 G	 A	 A	 A	 C	 A	
G	 C	 A	 A	 G	 A	 T	 G	
A	 C	 A	 A	 T	 A	 T	 A	
A	 T	 G	 T	 C	 T	 A	 A	
G	 T	 A	 G	 T	 G	 A	 C	
A	 T	 G	 T	 T	 T	 T	 T	
G	 C	 A	 C	 A	 T	 T	 T	
C	 C	 A	 G	 C	 C	 C	 C	
T	 T	 T	 A	 A	 A	 T	 A	
T	 C	 C	 A	 C	 A	 C	 A	
C	 A	 C	 A	 G	 G	 A	 A	
G	 C	 A	 C	 A	 A	 A	 A	
G	 G	 A	 A	 G	 C	 A	 C	
A	 G	 A	 G	 A	 T	 C	 C	
C	 T	 G	 G	 G	 A	 G	 A	
A	 A	 T	 G	 C	 C	 C	 G	
G	 C	 C	 G	 C	 C	 A	 T	
C	 T	 T	 G	 G	 G	 T	 C	
A	 T	 C	 G	 A	 T	 G	 A	
G	 C	 C	 T	 C	 G	 C	 C	
C	 T	 G	 T	 G	 C	 C	 T	
G	 G	 T	 C	 C	 C	 G	 C	
T	 T	 G	 T	 G	 A	 G	 G	
G	 A	 A	 G	 G	 A	 C	 A	
T	 T	 A	 G	 A	 A	 A	 A	
T	 G	 A	 A	 T	 T	 G	 A	
T	 G	 T	 G	 T	 T	 C	 C	
T	 T	 A	 A	 A	 G	 G	 A	
T	 G	 G	 G	 C	 A	 G	 G	
A	 A	 A	 A	 C	 A	 G	 A	
T	 C	 C	 T	 G	 T	 T	 G	
T	 G	 G	 A	 T	 A	 T	 T	
T	 A	 T	 T	 	T	 G	 A	 A	
C	 G	 G	 G	 A	 T	 T	 A	
C	 A	 G	 A	 T	 T	 T	 G	
A	 A	 A	 T	 G	 A	 A	 G	
T	 C	 A	 C	 A	 A	 A	 G	
T	 G	 A	 G	 C	 A	 T	 T	
A	 C	 C	 A	 A	 T	 G	 A	
G	 A	 G	 G	 A	 A	 A	 A	
C	 A	 G	 A	 C	 G	 A	 G	
A	 A	 A	 A	 T	 C	 T	 T	
6
Statistical analysis
Since	 the	 study	was	 of	 exploratory	 nature,	 statistics	 were	mainly	 descriptive.	 RT-PCR	





Peripheral	 blood	 samples	 from	 20	 CRPC	 patients	 commencing	 docetaxel	 treatment,	
collected	at	 four	different	 time	points	 (i.e.	baseline,	9	weeks,	 27	weeks	and	37	weeks),	
were	analyzed.	One	baseline	 sample	was	not	 suitable	 for	processing	and	one	 sample	
from	 the	 third	 time	point	was	 lost	 during	 transportation.	 Four	 patients	 discontinued	
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A	 C	 A	 G	 A	 A	 G	 A	
A	 A	 T	 A	 G	 C	 A	 A	
G	 T	 G	 C	 C	 G	 A	 G	
A	 A	 G	 C	 T	 G	 G	 C	
A	 T	 C	 A	 G	 A	 A	 A	
A	 A	 C	 A	 G	 A	 G	 G	
G	 G	 A	 G	 A	 T	 T	 T	
G	 T	 G	 T	 G	 G	 C	 T	
G	 C	 A	 G	 C	 C	 G	 A	
G	 G	 G	 A	 G	 A	 C	 C	
A	 G	 G	 A	 A	 G	 A	 T	
C	 T	 G	 C	 A	 T	 G	 G	
T	 G	 G	 G	 A	 A	 G	 G	
A	 C	 C	 T	 G	 A	 T	 G	
A	 T	 A	 C	 A	 G	 A	 G	
G	 A	 A	 T	 T	 A	 C	 A	
A	 C	 A	 C	 A	 T	 A	 T	
A	 C	 T	 T	 A	 G	 T	 G	
T	 T	 T	 C	 A	 A	 T	 G	
A	 A	 C	 A	 C	 C	 A	 A	
G	 A	 T	 A	 A	 A	 T	 A	
A	 G	 T	 G	 A	 A	 G	 A	
G	 C	 T	 A	 G	 T	 C	 C	
G	 C	 T	 G	 T	 G	 A	 G	
T	 C	 T	 C	 C	 T	 C	 A	
G	 T	 G	 A	 C	 A	 C	 A	
G	 G	 G	 C	 T	 G	 G	 A	
T	 C	 A	 C	 C	 A	 T	 C	
G	 A	 C	 G	 G	 C	 A	 C	
T	 T	 T	 C	 T	 G	 A	 G	
T	 A	 C	 T	 C	 A	 G	 T	
G	 C	 A	 G	 C	 A	 A	 A	
G	 A	 A	 A	 G	 A	 C	 T	
A	 C	 A	 G	 A	 C	 A	 T	
C	 T	 C	 A	 A	 T	 G	 G	
C	 A	 G	 G	 G	 G	 T	 G	
A	 G	 A	 A	 A	 T	 A	 A	
G	 A	 A	 A	 G	 G	 C	 T	
G	 C	 T	 G	 A	 C	 T	 T	
T	 A	 C	 C	 A	 T	 C	 T	
G	 A	 G	 G	 C	 C	 A	 C	
A	 C	 A	 T	 C	 T	 G	 C	
T	 G	 A	 A	 A	 T	 G	 G	
A	 G	 A	 T	 A	 A	 T	 T	
A	 A	 C	 A	 T	 C	 A	 C	
T	 A	 G	 A	 A	 A	 C	 A	
G	 C	 A	 A	 G	 A	 T	 G	
A	 C	 A	 A	 T	 A	 T	 A	
A	 T	 G	 T	 C	 T	 A	 A	
G	 T	 A	 G	 T	 G	 A	 C	
A	 T	 G	 T	 T	 T	 T	 T	
G	 C	 A	 C	 A	 T	 T	 T	
C	 C	 A	 G	 C	 C	 C	 C	
T	 T	 T	 A	 A	 A	 T	 A	
T	 C	 C	 A	 C	 A	 C	 A	
C	 A	 C	 A	 G	 G	 A	 A	
G	 C	 A	 C	 A	 A	 A	 A	
G	 G	 A	 A	 G	 C	 A	 C	
A	 G	 A	 G	 A	 T	 C	 C	
C	 T	 G	 G	 G	 A	 G	 A	
A	 A	 T	 G	 C	 C	 C	 G	
G	 C	 C	 G	 C	 C	 A	 T	
C	 T	 T	 G	 G	 G	 T	 C	
A	 T	 C	 G	 A	 T	 G	 A	
G	 C	 C	 T	 C	 G	 C	 C	
C	 T	 G	 T	 G	 C	 C	 T	
G	 G	 T	 C	 C	 C	 G	 C	
T	 T	 G	 T	 G	 A	 G	 G	
G	 A	 A	 G	 G	 A	 C	 A	
T	 T	 A	 G	 A	 A	 A	 A	
T	 G	 A	 A	 T	 T	 G	 A	
T	 G	 T	 G	 T	 T	 C	 C	
T	 T	 A	 A	 A	 G	 G	 A	
T	 G	 G	 G	 C	 A	 G	 G	
A	 A	 A	 A	 C	 A	 G	 A	
T	 C	 C	 T	 G	 T	 T	 G	
T	 G	 G	 A	 T	 A	 T	 T	
T	 A	 T	 T	 	T	 G	 A	 A	
C	 G	 G	 G	 A	 T	 T	 A	
C	 A	 G	 A	 T	 T	 T	 G	
A	 A	 A	 T	 G	 A	 A	 G	
T	 C	 A	 C	 A	 A	 A	 G	
T	 G	 A	 G	 C	 A	 T	 T	
A	 C	 C	 A	 A	 T	 G	 A	
G	 A	 G	 G	 A	 A	 A	 A	
C	 A	 G	 A	 C	 G	 A	 G	
A	 A	 A	 A	 T	 C	 T	 T	
6
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Chapter 6  |   KLK3, PCA3 and TMPRSS2-ERG expression in the peripheral blood mononuclear cell fraction from 
castration-resistant prostate cancer patients and response to docetaxel treatment
104
CRPC patients Age-matched 
men
Men < 35 Women
Time point 1 2 3 4  
No. patients 19 20 19 16 10 10 12
KLK3 17 (89) 9 (45) 9 (47) 12 (75) 0 0 0
PCA3 10 (53) 6 (30) 6 (32) 7 (44) 0 0 0
TMPRSS2-ERG 7 (37) 1 (5) 3 (16) 6 (38) 0 0 0
Abbreviations: CRPC, castration-resistant prostate cancer; KLK3,  
kallikrein-3; PCA3, prostate cancer gene 3





A	 C	 A	 G	 A	 A	 G	 A	
A	 A	 T	 A	 G	 C	 A	 A	
G	 T	 G	 C	 C	 G	 A	 G	
A	 A	 G	 C	 T	 G	 G	 C	
A	 T	 C	 A	 G	 A	 A	 A	
A	 A	 C	 A	 G	 A	 G	 G	
G	 G	 A	 G	 A	 T	 T	 T	
G	 T	 G	 T	 G	 G	 C	 T	
G	 C	 A	 G	 C	 C	 G	 A	
G	 G	 G	 A	 G	 A	 C	 C	
A	 G	 G	 A	 A	 G	 A	 T	
C	 T	 G	 C	 A	 T	 G	 G	
T	 G	 G	 G	 A	 A	 G	 G	
A	 C	 C	 T	 G	 A	 T	 G	
A	 T	 A	 C	 A	 G	 A	 G	
G	 A	 A	 T	 T	 A	 C	 A	
A	 C	 A	 C	 A	 T	 A	 T	
A	 C	 T	 T	 A	 G	 T	 G	
T	 T	 T	 C	 A	 A	 T	 G	
A	 A	 C	 A	 C	 C	 A	 A	
G	 A	 T	 A	 A	 A	 T	 A	
A	 G	 T	 G	 A	 A	 G	 A	
G	 C	 T	 A	 G	 T	 C	 C	
G	 C	 T	 G	 T	 G	 A	 G	
T	 C	 T	 C	 C	 T	 C	 A	
G	 T	 G	 A	 C	 A	 C	 A	
G	 G	 G	 C	 T	 G	 G	 A	
T	 C	 A	 C	 C	 A	 T	 C	
G	 A	 C	 G	 G	 C	 A	 C	
T	 T	 T	 C	 T	 G	 A	 G	
T	 A	 C	 T	 C	 A	 G	 T	
G	 C	 A	 G	 C	 A	 A	 A	
G	 A	 A	 A	 G	 A	 C	 T	
A	 C	 A	 G	 A	 C	 A	 T	
C	 T	 C	 A	 A	 T	 G	 G	
C	 A	 G	 G	 G	 G	 T	 G	
A	 G	 A	 A	 A	 T	 A	 A	
G	 A	 A	 A	 G	 G	 C	 T	
G	 C	 T	 G	 A	 C	 T	 T	
T	 A	 C	 C	 A	 T	 C	 T	
G	 A	 G	 G	 C	 C	 A	 C	
A	 C	 A	 T	 C	 T	 G	 C	
T	 G	 A	 A	 A	 T	 G	 G	
A	 G	 A	 T	 A	 A	 T	 T	
A	 A	 C	 A	 T	 C	 A	 C	
T	 A	 G	 A	 A	 A	 C	 A	
G	 C	 A	 A	 G	 A	 T	 G	
A	 C	 A	 A	 T	 A	 T	 A	
A	 T	 G	 T	 C	 T	 A	 A	
G	 T	 A	 G	 T	 G	 A	 C	
A	 T	 G	 T	 T	 T	 T	 T	
G	 C	 A	 C	 A	 T	 T	 T	
C	 C	 A	 G	 C	 C	 C	 C	
T	 T	 T	 A	 A	 A	 T	 A	
T	 C	 C	 A	 C	 A	 C	 A	
C	 A	 C	 A	 G	 G	 A	 A	
G	 C	 A	 C	 A	 A	 A	 A	
G	 G	 A	 A	 G	 C	 A	 C	
A	 G	 A	 G	 A	 T	 C	 C	
C	 T	 G	 G	 G	 A	 G	 A	
A	 A	 T	 G	 C	 C	 C	 G	
G	 C	 C	 G	 C	 C	 A	 T	
C	 T	 T	 G	 G	 G	 T	 C	
A	 T	 C	 G	 A	 T	 G	 A	
G	 C	 C	 T	 C	 G	 C	 C	
C	 T	 G	 T	 G	 C	 C	 T	
G	 G	 T	 C	 C	 C	 G	 C	
T	 T	 G	 T	 G	 A	 G	 G	
G	 A	 A	 G	 G	 A	 C	 A	
T	 T	 A	 G	 A	 A	 A	 A	
T	 G	 A	 A	 T	 T	 G	 A	
T	 G	 T	 G	 T	 T	 C	 C	
T	 T	 A	 A	 A	 G	 G	 A	
T	 G	 G	 G	 C	 A	 G	 G	
A	 A	 A	 A	 C	 A	 G	 A	
T	 C	 C	 T	 G	 T	 T	 G	
T	 G	 G	 A	 T	 A	 T	 T	
T	 A	 T	 T	 	T	 G	 A	 A	
C	 G	 G	 G	 A	 T	 T	 A	
C	 A	 G	 A	 T	 T	 T	 G	
A	 A	 A	 T	 G	 A	 A	 G	
T	 C	 A	 C	 A	 A	 A	 G	
T	 G	 A	 G	 C	 A	 T	 T	
A	 C	 C	 A	 A	 T	 G	 A	
G	 A	 G	 G	 A	 A	 A	 A	
C	 A	 G	 A	 C	 G	 A	 G	
A	 A	 A	 A	 T	 C	 T	 T	
6
Prognostic value of biomarker expression
To	assess	PCA3	and	TMPRSS2-ERG	as	prognostic	factors,	survival	information	was	used	to	
calculate	a	correlation	for	baseline	biomarker	positive	patients	and	baseline	biomarker	
negative	patients	 in	 relation	 to	overall	 survival.	The	mean	 follow-up	was	 18.5	months	
(range	from	10.7	to	33.1	months).	Patients	with	negative	baseline	PCA3	expression	had	no	
statistically	significant	longer	median	survival	(19.4	months	[95%	CI	13.9-24.8])	compared	
to	patients	with	positive	baseline	PCA3	expression	 (15.0	months	 [95%	CI	 5.3-24.7],	 log	




In	 the	 present	 study	 we	 used	 highly	 sensitive	 modified	 reverse	 transcription-qPCR	
assays	 to	detect	prostate	tissue	 specific	KLK3	mRNA	and	prostate	cancer	 specific	PCA3	
and	TMPRSS2-ERG	mRNAs	 in	 the	 PBMC	 fraction	 of	 a	 CRPC	 patient	 cohort	 and	 three	
control	 groups	 consisting	 of	 healthy-volunteers.	 The	 use	 of	 gene-specific	 primers	
instead	 of	 random	or	mixed	primers	 for	 the	first-strand	 complementary	DNA	 (cDNA)	
synthesis	reaction,	resulted	in	a	high	analytical	sensitivity	of	biomarker	detection.	KLK3	
was	detected	in	89%	of	CRPC	patient	samples	at	baseline	(17	of	19).	Since	KLK3	mRNA	
















CRPC patients Age-matched 
men
Men < 35 Women
Time point 1 2 3 4  
No. patients 19 20 19 16 10 10 12
KLK3 17 (89) 9 (45) 9 (47) 12 (75) 0 0 0
PCA3 10 (53) 6 (30) 6 (32) 7 (44) 0 0 0
TMPRSS2-ERG 7 (37) 1 (5) 3 (16) 6 (38) 0 0 0
Abbreviations: CRPC, castration-resistant prostate cancer; KLK3,  
kallikrein-3; PCA3, prostate cancer gene 3
Table 4  Number of patients (%) with positive biomarker expression (≥20 copies per PCR reaction)
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in	 circulating	 tumour	 cells	was	 assessed	 in	 41	 CRPC	 patients	 and	 an	 equal	 detection	
frequency	of	37%	was	described	28.	
PCA3	 mRNA	 was	 detected	 in	 53%	 of	 CRPC	 patients.	 To	 date,	 only	 two	 studies	 have	
been	 performed	 analyzing	 PCA3	 transcripts	 in	 blood	 samples	 from	 prostate	 cancer	
patients.	 Jost	 et	 al.	 described	 an	 automated	 sample	 processing	 method,	 using	 an	








primers	 together	 with	 increasing	 the	 template	 volume	 for	 the	 PCR	 reaction	 in	 our	
study	 enhanced	 biomarker	 analytical	 sensitivity	 and	 resulted	 in	 a	 higher	 fraction	 of	
PCA3	 positive	 patients	 compared	 to	 assays	 using	 random	 primers	 (data not shown).	
To	 internally	 validate	 this	method	and	assess	 test	 reproducibility,	 RT-PCR	assays	were	
performed	 twice	 on	 each	 sample.	 In	 total,	 three	 biomarker	mRNAs	were	 analyzed	 in	











A	 C	 A	 G	 A	 A	 G	 A	
A	 A	 T	 A	 G	 C	 A	 A	
G	 T	 G	 C	 C	 G	 A	 G	
A	 A	 G	 C	 T	 G	 G	 C	
A	 T	 C	 A	 G	 A	 A	 A	
A	 A	 C	 A	 G	 A	 G	 G	
G	 G	 A	 G	 A	 T	 T	 T	
G	 T	 G	 T	 G	 G	 C	 T	
G	 C	 A	 G	 C	 C	 G	 A	
G	 G	 G	 A	 G	 A	 C	 C	
A	 G	 G	 A	 A	 G	 A	 T	
C	 T	 G	 C	 A	 T	 G	 G	
T	 G	 G	 G	 A	 A	 G	 G	
A	 C	 C	 T	 G	 A	 T	 G	
A	 T	 A	 C	 A	 G	 A	 G	
G	 A	 A	 T	 T	 A	 C	 A	
A	 C	 A	 C	 A	 T	 A	 T	
A	 C	 T	 T	 A	 G	 T	 G	
T	 T	 T	 C	 A	 A	 T	 G	
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docetaxel,	however,	a	75%	conformity	between	KLK3	expression	and	serum	PSA	response	
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The current landscape of prostate cancer diagnosis
Serum	 PSA	 is	 currently	 the	 only	 widely	 used	 biomarker	 for	 the	 diagnosis	 prostate	






gene	 fusion	 transcripts	have	been	 identified	as	promising	urinary	novel	biomarkers3,4.	
The	Progensa	PCA3-test	is	FDA	approved	since	2012	and	commercially	available	to	aid	in	
the	decision	of	taking	(repeat)	prostate	biopsies.	However,	the	prognostic	value	of	PCA3	
seems	 limited5-8.	TMPRSS2-ERG	gene	 fusion	 transcripts	are	highly	 specific	 for	prostate	
cancer,	but	only	present	in	approximately	half	of	the	prostate	cancer	patients.	This	urine	
test	(not	yet	commercially	available)	has	a	sensitivity	of	37%	and	specificity	of	93%	for	
the	 prediction	 of	 prostate	 cancer	 upon	 prostate	 biopsy9.	The	 prognostic	 value	 of	 this	
urine	test	is	still	under	investigation.
Limitations of TRUS-guided biopsies and histopathology as the gold standard
A	major	limitation	for	the	identification	of	new	prostate	cancer	biomarkers,	is	the	lack	
of	a	true	gold	standard.	The	current	gold	standard	is	the	histopathological	evaluation	of	
prostate	biopsies.	However,	 systematic	 random	biopsy	 is	 prone	 to	undersampling	 (15-
25%	cancers	missed	on	first	biopsy)10	 .	 In	other	words,	 the	perfect	marker	 (with	 100%	
accuracy)	can	only	reach	a	maximum	specificity	of	92%	due	to	the	lack	of	a	robust	gold	
standard.	 In	example:	a	group	of	 100	patients,	30	of	 these	patients	will	have	prostate	
cancer,	and	6	patients	with	prostate	cancer	will	be	missed	on	biopsy	 (20%),	despite	a	







Improving the gold standard in prostate cancer diagnosis; multiparametric MRI
Another	novelty	in	the	diagnostic	process	of	prostate	cancer	is	the	multiparametric	MRI,	
which	 is	being	used	 increasingly.	 If	 read	by	an	experienced	 radiologist,	 this	 technique	
113
A	 C	 A	 G	 A	 A	 G	 A	
A	 A	 T	 A	 G	 C	 A	 A	
G	 T	 G	 C	 C	 G	 A	 G	
A	 A	 G	 C	 T	 G	 G	 C	
A	 T	 C	 A	 G	 A	 A	 A	
A	 A	 C	 A	 G	 A	 G	 G	
G	 G	 A	 G	 A	 T	 T	 T	
G	 T	 G	 T	 G	 G	 C	 T	
G	 C	 A	 G	 C	 C	 G	 A	
G	 G	 G	 A	 G	 A	 C	 C	
A	 G	 G	 A	 A	 G	 A	 T	
C	 T	 G	 C	 A	 T	 G	 G	
T	 G	 G	 G	 A	 A	 G	 G	
A	 C	 C	 T	 G	 A	 T	 G	
A	 T	 A	 C	 A	 G	 A	 G	
G	 A	 A	 T	 T	 A	 C	 A	
A	 C	 A	 C	 A	 T	 A	 T	
A	 C	 T	 T	 A	 G	 T	 G	
T	 T	 T	 C	 A	 A	 T	 G	
A	 A	 C	 A	 C	 C	 A	 A	
G	 A	 T	 A	 A	 A	 T	 A	
A	 G	 T	 G	 A	 A	 G	 A	
G	 C	 T	 A	 G	 T	 C	 C	
G	 C	 T	 G	 T	 G	 A	 G	
T	 C	 T	 C	 C	 T	 C	 A	
G	 T	 G	 A	 C	 A	 C	 A	
G	 G	 G	 C	 T	 G	 G	 A	
T	 C	 A	 C	 C	 A	 T	 C	
G	 A	 C	 G	 G	 C	 A	 C	
T	 T	 T	 C	 T	 G	 A	 G	
T	 A	 C	 T	 C	 A	 G	 T	
G	 C	 A	 G	 C	 A	 A	 A	
G	 A	 A	 A	 G	 A	 C	 T	
A	 C	 A	 G	 A	 C	 A	 T	
C	 T	 C	 A	 A	 T	 G	 G	
C	 A	 G	 G	 G	 G	 T	 G	
A	 G	 A	 A	 A	 T	 A	 A	
G	 A	 A	 A	 G	 G	 C	 T	
G	 C	 T	 G	 A	 C	 T	 T	
T	 A	 C	 C	 A	 T	 C	 T	
G	 A	 G	 G	 C	 C	 A	 C	
A	 C	 A	 T	 C	 T	 G	 C	
T	 G	 A	 A	 A	 T	 G	 G	
A	 G	 A	 T	 A	 A	 T	 T	
A	 A	 C	 A	 T	 C	 A	 C	
T	 A	 G	 A	 A	 A	 C	 A	
G	 C	 A	 A	 G	 A	 T	 G	
A	 C	 A	 A	 T	 A	 T	 A	
A	 T	 G	 T	 C	 T	 A	 A	
G	 T	 A	 G	 T	 G	 A	 C	
A	 T	 G	 T	 T	 T	 T	 T	
G	 C	 A	 C	 A	 T	 T	 T	
C	 C	 A	 G	 C	 C	 C	 C	
T	 T	 T	 A	 A	 A	 T	 A	
T	 C	 C	 A	 C	 A	 C	 A	
C	 A	 C	 A	 G	 G	 A	 A	
G	 C	 A	 C	 A	 A	 A	 A	
G	 G	 A	 A	 G	 C	 A	 C	
A	 G	 A	 G	 A	 T	 C	 C	
C	 T	 G	 G	 G	 A	 G	 A	
A	 A	 T	 G	 C	 C	 C	 G	
G	 C	 C	 G	 C	 C	 A	 T	
C	 T	 T	 G	 G	 G	 T	 C	
A	 T	 C	 G	 A	 T	 G	 A	
G	 C	 C	 T	 C	 G	 C	 C	
C	 T	 G	 T	 G	 C	 C	 T	
G	 G	 T	 C	 C	 C	 G	 C	
T	 T	 G	 T	 G	 A	 G	 G	
G	 A	 A	 G	 G	 A	 C	 A	
T	 T	 A	 G	 A	 A	 A	 A	
T	 G	 A	 A	 T	 T	 G	 A	
T	 G	 T	 G	 T	 T	 C	 C	
T	 T	 A	 A	 A	 G	 G	 A	
T	 G	 G	 G	 C	 A	 G	 G	
A	 A	 A	 A	 C	 A	 G	 A	
T	 C	 C	 T	 G	 T	 T	 G	
T	 G	 G	 A	 T	 A	 T	 T	
T	 A	 T	 T	 	T	 G	 A	 A	
C	 G	 G	 G	 A	 T	 T	 A	
C	 A	 G	 A	 T	 T	 T	 G	
A	 A	 A	 T	 G	 A	 A	 G	
T	 C	 A	 C	 A	 A	 A	 G	
T	 G	 A	 G	 C	 A	 T	 T	
A	 C	 C	 A	 A	 T	 G	 A	
G	 A	 G	 G	 A	 A	 A	 A	
C	 A	 G	 A	 C	 G	 A	 G	




detection	of	 (significant)	prostate	 cancer	and	 reduce	understaging17-20.	Thus,	with	MR-
guided	biopsy,	the	gold	standard	is	assumed	to	be	improved	compared	to	TRUS-guided	











Urine as substrate for prediction of biopsy outcome
Urine	 can	 be	 easily	 obtained	 in	 a	 non-invasive	 manner,	 this	 makes	 it	 a	 promising	
substrate	for	routine	testing.	Various	components	of	the	urine	can	be	used:	whole	urine	
or	urinary	 sediments.	The	Progensa	PCA3-test	 is	based	on	whole	urine	as	a	 substrate.	







small	 tissue-derived	 vesicles	which	 contain	 a	wide	 variety	 of	 proteins	 and	RNA’s	 that	
represent	 their	 tissue	 of	 origin21-24.	 Exosomal	 RNA	 is	 assumed	 to	 be	 protected	 by	 the	
vesicles	and	therefore	better	preserved	compared	to	RNA	within	whole	cells.	This	is	still	
under	investigation.	The	differences	between	the	use	of	whole	urine	,	urinary	cell	pellets	
and	 -exosomes	 is	still	not	 fully	understood,	albeit	 that	clinical	performance	PCA3	and	
TMPRSS2-ERG	gene	fusion	tests	on	cell	pellets	and	whole	urine,	was	similar.
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Advanced prostate cancer; Surrogates for circulating tumour cells
Despite	an	 increase	 in	 treatment	options	for	castrate	resistant	prostate	cancer	 (CRPC)	
patients,	 therapeutic	outcome	 is	still	poor.	Median	overall	 survival	of	metastatic	CRPC	
patients	 is	 9-13	 months25.	 Treatment	 with	 cytotoxic	 chemotherapy,	 immunotherapy,	
second-line	androgen	deprivation	therapy	(i.e.	abiraterone)	or	ARSIs	(i.e.	enzalutamide)	
only	give	a	modest	prolongation	of	the	overall	survival26-30.
The	main	 issue	with	 the	development	of	new	 therapies	 for	CRPC	patients	 is	 the	 lack	
of	qualified	surrogate	endpoints	for	survival31-33.	There	 is	a	 large	proportion	of	patients	
for	whom	PSA	response	does	not	predict	 long-term	benefit31,32.	Therefore,	post	therapy	
changes	 in	PSA	are	unlikely	 to	become	an	FDA-accepted	surrogate	end	point	 for	drug	
registration	 studies.	 Reliable	 surrogate	 end	 points	 are	 being	 investigated	 in	 order	 to	
reduce	 the	 time	 required	 to	 assess	 the	 efficacy	 of	 a	 new	 treatment	 and	 appropriate	
selection	of	patients	 for	 clinical	 trials.	Circulating	 tumour	cells	are	currently	 the	most	
accurate	and	independent	predictors	of	overall	survival	in	CRPC	patients34.
Furthermore,	 circulating	 tumour	 cell	 analysis	 would	 be	 a	 great	 step	 forward	 to	
personalized	cancer	therapy.	As	it	could	enable	us	to	molecularly	characterize	a	patients	










Biomarkers as a therapeutic target
Probably	 a	 longer	way	 ahead	 of	 us,	 but	 prostate	 cancer	 biomarkers	might	 also	 have	
potential	as	a	therapeutic	target.	Prostate	cancer	specific	biomarkers	provide	important	
understanding	 of	 factors	 influencing	 the	 aggressiveness	 of	 prostate	 cancer,	 thereby	
could	lead	to	the	development	of	novel	therapies.	The	classic	example	of	a	gene	fusion	
implicated	in	cancer	development	is	BCR:ABL	fusion	in	patients	with	chronic	myelogenous	
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has	approved	imatinib	as	first	line	treatment	for	newly	diagnosed	CML	in	2002.	Another	
example	 of	 a	 biomarker	 with	 therapeutic	 importance	 is	 HER2/neu.	 Overexpression	
of	HER2	 (20-25%	of	breast	 cancer	patients),	 is	associated	with	poor	 clinical	outcomes,	
resistance	 to	Tamoxifen	 therapy	 and	 relative	 sensitivity	 to	 chemotherapy	 regimens36.	
Targeted	therapy	with	HER2-targeted	monoclonal	antibodies	Trastuzumab	(Herceptin)	
has	been	developed	and	improvements	in	the	overall	survival	has	been	demonstrated37,38.
Quality of translational biomarker research




published	 results	 on	 novel	 prostate	 cancer	 biomarkers	 appear	 not	 reproducible	 in	
subsequent	studies	and	thus	will	never	attain	the	FDA	approved	status.	Where	a	double-
blind	randomized	placebo	controlled	 trial	 is	 the	gold	standard	for	 therapeutic	studies,	
biomarker	studies	are	not	regulated	by	clear	guidelines.	These	studies	often	suffer	poor	
study	 design,	 lack	 methodological	 quality	 and	 standardized	 assays,	 and	 information	
on	key	elements	of	design	and	analysis	are	often	not	reported.	To	improve	the	quality	




for	Tumor	Marker	 Prognostic	 Studies)	were	 published	 in	 200540.	These	 are	 guidelines	
for	 transparent	and	complete	 reporting	of	 studies,	 so	 that	poor	 studies	can	be	better	
identified.	 These	 initiatives	 are	 important	 steps	 forward	 in	 improving	 the	 quality	 of	
tumour	marker	studies,	but	further	improvement	of	future	studies	is	warranted.	Other	
future	 improvement	 includes	 the	use	of	an	secured	database	with	audit-trail,	 so	 that	
results	cannot	be	manipulated	after	analysis.	





QUATTRO	 is	 a	 promising	 prognostic	 four	 gene-based	 test	 that	 could	 improve	 the	


















follow	up	at	 the	general	practitioner.	 If	urinary	biomarkers	are	elevated,	 the	patient	 is	
sent	to	the	urologist	for	an	MRI,	to	stratify	patients	for	(MR-guided)	prostate	biopsies.
With	the	currently	used	biomarker	serum	PSA,	population	based	screening	for	prostate	




To	 further	 study	 the	 potential	 of	 prostate	 cancer	 biomarkers	 as	 a	 reliable	method	 of	
detecting	circulating	 tumour	cells,	a	 large	prospective	multicenter	 trial	 is	needed.	The	
study	 design	 of	 our	 explorative	 study	 in	 Chapter	 6	 can	 be	 used,	 only	 then	 in	 a	 large	
multicenter	setting.	Also,	it	would	be	very	interesting	to	include	QUATTRO	in	this	study.
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Chapter 2	 gives	 a	 short	 history	 of	 prostate	 cancer	 biomarkers,	 an	 overview	 of	 the	






the	 urine	 sample	 to	 mobilize	 prostatic	 cells	 toward	 the	 prostatic	 urethra,	 which	 are	
flushed	 out	with	 the	 first-voided	 urine.	The	 Progensa	 PCA3	 test	 is	 FDA	 approved	 and	
clinically	 available.	 PCA3	 is	 highly	 overexpressed	 in	 prostate	 tumours	 compared	 to	
the	adjacent	benign	prostate	 tissues.	The	Progensa	PCA3	 test	 is	 currently	used	 to	aid	
in	the	decision	to	take	(repeat)	biopsies.	Furthermore,	the	multiparametric	3	tesla	MRI	
is	 being	 used	 increasingly	 in	 the	 diagnostic	 process	 of	 prostate	 cancer.	 It	 has	 a	 high	
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In	the	ongoing	search	for	novel	prostate	cancer	biomarkers,	TMPRSS2-ERG	gene	fusion	





the	use	of	a	biomarker	panel	 can	 further	 improve	 the	diagnostic	accuracy.	 In	chapter 
4,	 we	 present	 the	 results	 of	 a	 large	 prospective	 study	 that	 evaluated	 the	 diagnostic	
and	 prognostic	 value	 of	 Progensa	 PCA3	 and	 TMPRSS2-ERG	 gene	 fusions	 for	 prostate	
cancer,	 as	 individual	markers	and	as	a	biomarker	panel.	 Both	PCA3	and	TMPRSS2-ERG	
had	significant	additional	predictive	value	(p<0.001	and	resp.	p=0.002)	to	the	ERSPC	risk	
calculator	parameters	(serum	PSA,	DRE,	TRUS	and	prostate	volume).	The	AUC	increased	
from	 0.799	 (ERSPC	 risk	 calculator),	 to	 0.833	 (ERSPC	 risk	 calculator	 +	 PCA3),	 to	 0.842	
(ERSPC	risk	calculator	+	PCA3	+	TMPRSS2-ERG)	to	predict	prostate	cancer.	Sensitivity	of	
PCA3	 increased	 from	 68%	 to	 76%	when	 combined	with	TMPRSS2-ERG.	 TMPRSS2-ERG	
had	significant	additional	predictive	value	to	the	ERSPC	risk	calculator	to	predict	biopsy	




Progensa	PCA3	aids	 in	 the	diagnosis	of	prostate	 cancer.	However,	 its	prognostic	 value	
seems	limited.	Therefore,	biomarkers	that	can	be	used	to	identify	patients	with	clinically	
significant	 disease	 are	 urgently	 needed.	 To	 address	 this	 unmet	 need,	 the	 stepwise	
development	of	a	four	gene	based	urinary	test	is	described	in	chapter 5.	Using	microarray	
analysis	on	snap	frozen	tissue,	46	candidate	biomarkers	were	selected.	Validation	using	
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Patients	with	 advanced	 prostate	 cancer	who	 undergo	 chemical	 or	 surgical	 castration	
will	 ultimately	 experience	 a	 relapse,	 this	 state	 is	 called	 castrate-resistant	 prostate	
cancer	 (CRPC).	Treatment	options	 for	CRPC	patients	are	 limited.	The	main	 issue	 in	 the	
management	 of	 CRPC	 and	 development	 of	 new	 therapies	 is	 the	 lack	 of	 surrogate	
endpoints	for	 treatment	response	and	survival.	CTCs	 in	 the	peripheral	blood	has	been	
evaluated	 as	 a	 potential	 prognostic	marker	 and	 predictor	 of	 overall	 survival.	 Little	 is	




CRPC	patients.	 Blood	 samples	 from	20	CRPC	patients	were	 analyzed	 at	 four	 different	
time	 points	 (prior	 to	 docetaxel	 treatment,	 at	 9	 weeks,	 27	 weeks	 and	 2	months	 after	
treatment).	Blood	was	drawn	once	from	three	control	groups	(10	age-matched	men,	10	




ERG	 in	7	of	 19	evaluable	patients	 (37%,	95%	CI	 15-59%).	 In	contrast,	 the	blood	samples	
from	all	32	healthy	volunteers	were	 reproducible	negative	 for	all	markers.	 In	 response	
to	docetaxel	 treatment,	KLK3	 levels	decreased	 in	80%	(95%	CI	60-100%),	PCA3	 in	89%	
(95%	CI	68-100%)	and	TMPRSS2-ERG	in	86%	(95%	CI	60-100%)	of	patients.	In	conclusion,	
the	feasibility	of	a	highly	sensitive	modified	nucleic	acid	amplification	assay	to	assess	
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Samenvatting





Gelokaliseerd	 prostaatkanker	 is	meestal	 asymptomatisch,	 waardoor	 de	 indicatie	 voor	
prostaatbiopten	gesteld	wordt	op	basis	van	het	serum	PSA	(prostaat	specifiek	antigen)	
en	 rectaal	 toucher.	Hoofdstuk 1	 is	 de	 algemene	 introductie	 en	 een	 overzicht	 van	 de	
inhoud	van	dit	proefschrift.	
Hoofdstuk 2	geeft	een	kort	overzicht	van	de	historie	van	biomarkers	voor	prostaatkanker,	
een	 overzicht	 van	 de	 huidige	 biomarkers	 voor	 prostaatkanker	 PSA	 en	 PCA3;	 en	 een	
overzicht	van	de	potentiële	nieuwe	biomarkers	voor	prostaatkanker	 (weefsel	markers,	
bloed	 markers	 en	 urine	 markers):	 TMPRSS2-ERG,	 KI-67/MIB1-Labeling	 index,	 PTEN,	
E-cadherin,	 EZH2,	 neuroendocrine	 fenotype,	 microRNAs	 en	 circulerende	 tumor	 cellen	
(CTCs).
In	 de	 wereldwijde	 zoektocht	 naar	 betrouwbare	 biomarkers	 zijn	 urinemarkers	






voor	 prostaatkanker	 beschikbaar	 voor	 klinisch	 gebruik.	 PCA3	 is	 in	 normaal	 en	 BPH	




om	 te	 bepalen	 een	 éérste	 biopt	 te	 nemen.	 Daarnaast	 wordt	 de	 multiparametrische	
MRI	 steeds	 vaker	 gebruikt	 in	 het	 diagnostische	 proces	 van	 prostaatkanker.	 De	 MRI	









A	 C	 A	 G	 A	 A	 G	 A	
A	 A	 T	 A	 G	 C	 A	 A	
G	 T	 G	 C	 C	 G	 A	 G	
A	 A	 G	 C	 T	 G	 G	 C	
A	 T	 C	 A	 G	 A	 A	 A	
A	 A	 C	 A	 G	 A	 G	 G	
G	 G	 A	 G	 A	 T	 T	 T	
G	 T	 G	 T	 G	 G	 C	 T	
G	 C	 A	 G	 C	 C	 G	 A	
G	 G	 G	 A	 G	 A	 C	 C	
A	 G	 G	 A	 A	 G	 A	 T	
C	 T	 G	 C	 A	 T	 G	 G	
T	 G	 G	 G	 A	 A	 G	 G	
A	 C	 C	 T	 G	 A	 T	 G	
A	 T	 A	 C	 A	 G	 A	 G	
G	 A	 A	 T	 T	 A	 C	 A	
A	 C	 A	 C	 A	 T	 A	 T	
A	 C	 T	 T	 A	 G	 T	 G	
T	 T	 T	 C	 A	 A	 T	 G	
A	 A	 C	 A	 C	 C	 A	 A	
G	 A	 T	 A	 A	 A	 T	 A	
A	 G	 T	 G	 A	 A	 G	 A	
G	 C	 T	 A	 G	 T	 C	 C	
G	 C	 T	 G	 T	 G	 A	 G	
T	 C	 T	 C	 C	 T	 C	 A	
G	 T	 G	 A	 C	 A	 C	 A	
G	 G	 G	 C	 T	 G	 G	 A	
T	 C	 A	 C	 C	 A	 T	 C	
G	 A	 C	 G	 G	 C	 A	 C	
T	 T	 T	 C	 T	 G	 A	 G	
T	 A	 C	 T	 C	 A	 G	 T	
G	 C	 A	 G	 C	 A	 A	 A	
G	 A	 A	 A	 G	 A	 C	 T	
A	 C	 A	 G	 A	 C	 A	 T	
C	 T	 C	 A	 A	 T	 G	 G	
C	 A	 G	 G	 G	 G	 T	 G	
A	 G	 A	 A	 A	 T	 A	 A	
G	 A	 A	 A	 G	 G	 C	 T	
G	 C	 T	 G	 A	 C	 T	 T	
T	 A	 C	 C	 A	 T	 C	 T	
G	 A	 G	 G	 C	 C	 A	 C	
A	 C	 A	 T	 C	 T	 G	 C	
T	 G	 A	 A	 A	 T	 G	 G	
A	 G	 A	 T	 A	 A	 T	 T	
A	 A	 C	 A	 T	 C	 A	 C	
T	 A	 G	 A	 A	 A	 C	 A	
G	 C	 A	 A	 G	 A	 T	 G	
A	 C	 A	 A	 T	 A	 T	 A	
A	 T	 G	 T	 C	 T	 A	 A	
G	 T	 A	 G	 T	 G	 A	 C	
A	 T	 G	 T	 T	 T	 T	 T	
G	 C	 A	 C	 A	 T	 T	 T	
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C	 A	 G	 A	 C	 G	 A	 G	










TMPRSS2-ERG	 is	 een	 potentiële	 urine	 biomarker	 voor	 prostaatkanker,	 zeer	 specifiek	
voor	prostaatkanker.	Bij	ongeveer	de	helft	van	de	prostaatkanker	patiënten	 is	TMPRSS	
gefuseerd	 met	 ERG	 (genfusie).	 De	 urinetest	 heeft	 een	 sensitiviteit	 van	 37%	 en	 een	
specificiteit	van	93%	voor	het	voorspellen	van	prostaatkanker	in	prostaatbiopten.	Gezien	
het	 heterogene	 karakter	 van	 prostaatkanker	 zal	 in	 de	 toekomst	 een	 biomarker	 panel	
de	voorkeur	hebben	boven	het	gebruik	van	maar	1	biomarker.	Hoofdstuk 4	presenteert	
de	 resultaten	 van	 een	grote	prospectieve	multicenter	 studie	waarin	de	diagnostische	
en	 prognostische	 waarde	 van	 PCA3	 en	 TMPRSS2-ERG	 werden	 geëvalueerd,	 zowel	 als	
individuele	markers	als	een	gecombineerd	panel.	Zowel	PCA3	als	TMPRSS2-ERG	hadden	
een	 significant	 voorspellende	waarde	 (p<0.001	 en	 resp.	 p=0.002)	 in	 aanvulling	 op	 de	
ERSPC	prostaatwijzer	parameters	 (serum	PSA,	 rectaal	 toucher,	TRUS,	prostaat	volume).	
De	voorspellende	waarde	voor	prostaatkanker	nam	toe	van	0.799	(ERSPC	prostaatwijzer),	
naar	 0.833	 (ERSPC	 prostaatwijzer	 +	 PCA3)	 naar	 0.842	 (ERSPC	 prostaatwijzer	 +	 PCA3	 +	
TMPRSS2-ERG).	 De	 sensitiviteit	 van	 PCA3	 nam	 toe	 van	 68%	 naar	 76%	wanneer	 werd	
gecombineerd	met	TMPRSS2-ERG.	TMPRSS2-ERG	had	significant	voorspellende	waarde	
in	aanvulling	op	de	ERSPC	prostaatwijzer	parameters	om	biopsie	Gleason	score	(p<0.001)	
en	 klinisch	 tumor	 stadium	 te	 voorspellen	 (p=0.023),	 PCA3	 niet.	 Concluderend	 laat	
deze	 studie	 zien	dat	TMPRSS2-ERG	gecombineerd	met	 PCA3	 significant	 voorspellende	
waarde	 had	 in	 aanvulling	 op	 de	 ERSPC	 prostaatwijzer	 parameters.	TMPRSS2-ERG	 had	
prognostische	waarde,	en	PCA3	niet.
De	 Progensa	 PCA3	 test	 is	waardevol	 in	 de	 diagnostiek	 naar	 prostaatkanker,	 echter	 de	
prognostische	waarde	 lijkt	 beperkt.	 Biomarkers	 die	 patiënten	met	 klinisch	 significant	
prostaatkanker	 kunnen	 identificeren	 zijn	 dus	 nog	 steeds	 hard	 nodig.	 In	 hoofdstuk 5	
beschrijven	we	de	veelbelovende	ontdekking	en	ontwikkeling	van	een	4	genen	biomarker	
panel	urine	test	met	significant	prognostische	waarde.	Middels	microarray	analyses	op	
prostaatweefsel	 werden	 46	 potentiële	markers	 geselecteerd.	 Vervolgens	werden	met	
Taqman	 low	density	arrays	 (TLDA)	de	10	meest	veelbelovende	markers	geïdentificeerd	





Deze	 hypothese	 werd	 getest	 in	 een	 prospectieve	 multicenter	 studie.	 Urinemonsters	
werden	 verzameld	 en	 getest	 van	 358	 mannen	 die	 prostaatbiopten	 ondergingen.	 In	






Patiënten	 met	 vergevorderd	 prostaatkanker	 en	 medicamenteuze	 of	 chirurgische	
castratie,	 zullen	 uiteindelijk	 progressie	 van	 de	 ziekte	 krijgen,	 dan	 spreken	 we	 van	






















van	prostaat(kanker)	 specifieke	markers	 zouden	mogelijk	 systemische	 ziekte	activiteit	
131
A	 C	 A	 G	 A	 A	 G	 A	
A	 A	 T	 A	 G	 C	 A	 A	
G	 T	 G	 C	 C	 G	 A	 G	
A	 A	 G	 C	 T	 G	 G	 C	
A	 T	 C	 A	 G	 A	 A	 A	
A	 A	 C	 A	 G	 A	 G	 G	
G	 G	 A	 G	 A	 T	 T	 T	
G	 T	 G	 T	 G	 G	 C	 T	
G	 C	 A	 G	 C	 C	 G	 A	
G	 G	 G	 A	 G	 A	 C	 C	
A	 G	 G	 A	 A	 G	 A	 T	
C	 T	 G	 C	 A	 T	 G	 G	
T	 G	 G	 G	 A	 A	 G	 G	
A	 C	 C	 T	 G	 A	 T	 G	
A	 T	 A	 C	 A	 G	 A	 G	
G	 A	 A	 T	 T	 A	 C	 A	
A	 C	 A	 C	 A	 T	 A	 T	
A	 C	 T	 T	 A	 G	 T	 G	
T	 T	 T	 C	 A	 A	 T	 G	
A	 A	 C	 A	 C	 C	 A	 A	
G	 A	 T	 A	 A	 A	 T	 A	
A	 G	 T	 G	 A	 A	 G	 A	
G	 C	 T	 A	 G	 T	 C	 C	
G	 C	 T	 G	 T	 G	 A	 G	
T	 C	 T	 C	 C	 T	 C	 A	
G	 T	 G	 A	 C	 A	 C	 A	
G	 G	 G	 C	 T	 G	 G	 A	
T	 C	 A	 C	 C	 A	 T	 C	
G	 A	 C	 G	 G	 C	 A	 C	
T	 T	 T	 C	 T	 G	 A	 G	
T	 A	 C	 T	 C	 A	 G	 T	
G	 C	 A	 G	 C	 A	 A	 A	
G	 A	 A	 A	 G	 A	 C	 T	
A	 C	 A	 G	 A	 C	 A	 T	
C	 T	 C	 A	 A	 T	 G	 G	
C	 A	 G	 G	 G	 G	 T	 G	
A	 G	 A	 A	 A	 T	 A	 A	
G	 A	 A	 A	 G	 G	 C	 T	
G	 C	 T	 G	 A	 C	 T	 T	
T	 A	 C	 C	 A	 T	 C	 T	
G	 A	 G	 G	 C	 C	 A	 C	
A	 C	 A	 T	 C	 T	 G	 C	
T	 G	 A	 A	 A	 T	 G	 G	
A	 G	 A	 T	 A	 A	 T	 T	
A	 A	 C	 A	 T	 C	 A	 C	
T	 A	 G	 A	 A	 A	 C	 A	
G	 C	 A	 A	 G	 A	 T	 G	
A	 C	 A	 A	 T	 A	 T	 A	
A	 T	 G	 T	 C	 T	 A	 A	
G	 T	 A	 G	 T	 G	 A	 C	
A	 T	 G	 T	 T	 T	 T	 T	
G	 C	 A	 C	 A	 T	 T	 T	
C	 C	 A	 G	 C	 C	 C	 C	
T	 T	 T	 A	 A	 A	 T	 A	
T	 C	 C	 A	 C	 A	 C	 A	
C	 A	 C	 A	 G	 G	 A	 A	
G	 C	 A	 C	 A	 A	 A	 A	
G	 G	 A	 A	 G	 C	 A	 C	
A	 G	 A	 G	 A	 T	 C	 C	
C	 T	 G	 G	 G	 A	 G	 A	
A	 A	 T	 G	 C	 C	 C	 G	
G	 C	 C	 G	 C	 C	 A	 T	
C	 T	 T	 G	 G	 G	 T	 C	
A	 T	 C	 G	 A	 T	 G	 A	
G	 C	 C	 T	 C	 G	 C	 C	
C	 T	 G	 T	 G	 C	 C	 T	
G	 G	 T	 C	 C	 C	 G	 C	
T	 T	 G	 T	 G	 A	 G	 G	
G	 A	 A	 G	 G	 A	 C	 A	
T	 T	 A	 G	 A	 A	 A	 A	
T	 G	 A	 A	 T	 T	 G	 A	
T	 G	 T	 G	 T	 T	 C	 C	
T	 T	 A	 A	 A	 G	 G	 A	
T	 G	 G	 G	 C	 A	 G	 G	
A	 A	 A	 A	 C	 A	 G	 A	
T	 C	 C	 T	 G	 T	 T	 G	
T	 G	 G	 A	 T	 A	 T	 T	
T	 A	 T	 T	 	T	 G	 A	 A	
C	 G	 G	 G	 A	 T	 T	 A	
C	 A	 G	 A	 T	 T	 T	 G	
A	 A	 A	 T	 G	 A	 A	 G	
T	 C	 A	 C	 A	 A	 A	 G	
T	 G	 A	 G	 C	 A	 T	 T	
A	 C	 C	 A	 A	 T	 G	 A	
G	 A	 G	 G	 A	 A	 A	 A	
C	 A	 G	 A	 C	 G	 A	 G	






(herhaal)	 biopten	 van	de	prostaat	 en	het	monitoren	 van	 systemische	 ziekte	 activiteit	
bij	 CRPC	patiënten.	Meest	belangrijk	 is	 de	 veelbelovende	ontdekking	en	ontwikkeling	
van	een	nieuwe	urine	test:	het	4	genen	panel	QUATTRO,	met	voorspellende	waarde	voor	
de	 diagnose	 Gleason	 score	≥7	 prostaatkanker,	 superieur	 aan	 serum	 PSA	 en	 PCA3.	 Dit	
is	 een	belangrijke	 stap	 voorwaarts	 in	de	wereldwijde	 zoektocht	naar	betrouwbare	en	
prognostische	biomarkers	voor	prostaatkanker.
A	 C	 A	 G	 A	 A	 G	 A	 A	 A	 T	 A	 G	 C	 A	 A G	 T	 G	 C	 C	 G	 A	 G	 A	 A	 G	 C	 T	 G	 G	 C	 A	 T	 C	 A	 G	 A	 A	 A	 A	 A	 C	 A	 G	 A	 G	 G	 G	 G	 A	 G	 A	 T	 T	 T	 G	 T	 G	 T	 G	 G	 C	 T	 G	 C	 A	 G	 C	 C	 G	 A	 G	 G	 G	 A	 G	 A	 C	 C	 A	 G	 G	 A	 A	 G	 A	 T	 C	 T	 G	 C	 A	 T	 G	 G	 T	 G	 G	 G	 A	 A	 G	 G	 A	 C	 C	 T	 G	 A	 T	 G	 A	 T	 A	 C	 A	 G	 A	
G	 G	 A	 A	 T	 T	 A	 C	 A	 A	 C	 A	 C	 A T	 A T	 A	 C	 T	 T	 A	 G	 T	 G	 T	 T	 T	 C	 A	 A	 T	 G	 A	 A	 C	 A	 C	 C	 A	 A	 G	 A	 T	 A	 A	 A	 T	 A	 A	 G	 T	 G	 A	 A	 G	 A	 G	 C	 T	 A	 G	 T	 C	 C	 G	 C	 T	 G	 T	 G	 A	 G	 T	 C	 T	 C	 C	 T	 C	 A	 G	 T	 G	 A	 C	 A	 C	 A	 G	 G	 G	 C	 T	 G	 G	 A	 T	 C	 A	 C	 C	 A	 T	 C	 G	 A	 C	 G	 G	 C	 A	 C	 T	 T	 T	 C	 T	 G	
A	 G	 T	 A	 C	 T	 C	 A	 G	 T	 G	 C A	 G	 C	 A A	 A	 G	 A	 A	 A	 G	 A	 C	 T	 A	 C	 A	 G	 A	 C	 A	 T	 C	 T	 C	 A	 A	 T	 G	 G	 C	 A	 G	 G	 G	 G	 T	 G	 A	 G	 A	 A	 A	 T	 A	 A	 G	 A	 A	 A	 G	 G	 C	 T	 G	 C	 T	 G	 A	 C	 T	 T	 T	 A	 C	 C	 A	 T	 C	 T	 G	 A	 G	 G	 C	 C	 A	 C	 A	 C	 A	 T	 C	 T	 G	 C	 T	 G	 A	 A	 A	 T	 G	 G	 A	 G	 A	 T	 A	 A	 T	 T	 A	 A	 C	 A	 T	
C	 A	 C	 T	 A	 G	 A	 A	 A	 C A	 G	 C	 A	 A	 G A	 T	 G	 A	 C	 A	 A	 T	 A	 T	 A	 A	 T	 G	 T	 C	 T	 A	 A	 G	 T	 A	 G	 T	 G	 A	 C	 A	 T	 G	 T	 T	 T	 T	 T	 G	 C	 A	 C	 A	 T	 T	 T	 C	 C	 A	 G	 C	 C	 C	 C	 T	 T	 T	 A	 A	 A	 T	 A	 T	 C	 C	 A	 C	 A	 C	 A	 C	 A	 C	 A	 G	 G	 A	 A	 G	 C	 A	 C	 A	 A	 A	 A	 G	 G	 A	 A	 G	 C	 A	 C	 A	 G	 A	 G	 A	 T	 C	 C	 C	 T	 G	 G	
G	 A	 G	 A	 A	 A	 T	 G C	 C	 C	 G	 G	 C	 C	 G C	 C	 A	 T	 C	 T	 T	 G	 G	 G	 T	 C	 A	 T	 C	 G	 A	 T	 G	 A	 G	 C	 C	 T	 C	 G	 C	 C	 C	 T	 G	 T	 G	 C	 C	 T	 G	 G	 T	 C	 C	 C	 G	 C	 T	 T	 G	 T	 G	 A	 G	 G	 G	 A	 A	 G	 G	 A	 C	 A	 T	 T	 A	 G	 A	 A	 A	 A	 T	 G	 A	 A	 T	 T	 G	 A	 T	 G	 T	 G	 T	 T	 C	 C	 T	 T	 A	 A	 A	 G	 G	 A	 T	 G	 G	 G	 C	 A	 G	 G	 A	 A	 A	
A	 C	 A	 G	 A	 T C	 C	 T	 G	 T	 T	 G	 T	 G	 G A	 T	 A	 T	 T	 T	 A	 T	 T	 	T	 G	 A	 A	 C	 G	 G	 G	 A	 T	 T	 A	 C	 A	 G	 A	 T	 T	 T	 G	 A	 A	 A	 T	 G	 A	 A	 G	 T	 C	 A	 C	 A	 A	 A	 G	 T	 G	 A	 G	 C	 A	 T	 T	 A	 C	 C	 A	 A	 T	 G	 A	 G	 A	 G	 G	 A	 A	 A	 A	 	C	 A	 G	 A	 C	 G	 A	 G	 A	 A	 A	 A	 T	 C	 T	 T	 G	 A	 T	 G	 G	 C	 T	 T	 C	 A	 C	 A	 A	 G	 	A	 C	 A	 T	
G	 C	 A	 A C	 A	 A	 A	 C	 A	 A	 A	 A	 T	 G	 G A	 A	 T	 A	 C	 T	 G	 T	 G	 A	 T	 G	 A	 C	 A	 T	 G	 A	 G	 G	 	C	 A	 G	 C	 C	 A	 A	 G	 C	 T	 G	 G	 G	 G	 A	 G	 G	 A	 G	 A	 T	 A	 A	 C	 C	 A	 C	 G	 G	 G	 G	 C	 A	 G	 A	 G	 G	 G	 T	 C	 A	 G	 G	 A	 T	 T	 C	 T	 G	 G	 C	 C	 C	 T	 G	 C	 T	 G	 C	 C	 T	 A	 A	 A	 C	 T	 G	 T	 G	 C	 G	 T	 T	 C	 A	 T	 A	 A	 C	 C	 A	 A	 A	
T	 C A	 T	 T	 T	 C	 A	 T	 A	 T	 T	 T	 C	 T	 A A	 C	 C	 C	 T	 C	 A	 A	 A	 A	 C	 	A	 A	 A	 G	 C	 T	 G	 T	 T	 G	 	T	 A	 A	 T	 A	 T	 C	 T	 G	 A	 T	 C	 T	 C	 T	 A	 C	 G	 G	 T	 T	 C	 C	 T	 T	 C	 T	 G	 G	 G	 C	 C	 C	 A	 A	 C	 A	 T	 T	 C	 T	 C	 C	 A	 T	 A	 T	 A	 T	 C	 C	 A	 G	 C	 C	 A	 C	 A	 C	 T	 	C	 A	 T	 T	 T	 T	 T	 A	 A	 T	 A	 T	 T	 T	 A	 G	 T	 T	 C	 C	 C	 A 
G	 A	 T	 C	 T	 G	 T	 A	 C	 T	 G	 T	 G	 A	 C	 C T	 T	 T	 C	 T	 A	 C	 A	 C	 T	 G	 T	 A	 G	 A	 A	 T	 A	 A	 C	 A	 T	 T	 A	 C	 T	 C	 A	 T	 T	 T	 T	 G	 T	 T	 C	 A	 A	 A	 G	 A	 C	 C	 C	 T	 T	 C	 G	 T	 G	 T	 T	 G	 C	 T	 G	 C	 C	 T	 A	 A	 T	 A	 T	 G	 T	 A	 G	 C	 T	 G	 A	 C	 T	 G	 T	 T	 T	 T	 T	 C	 C	 T	 A	 A	 G	 G	 A	 G	 T	 G	 T	 T	 C	 T	 G	 G	 C	 C	 C	 A G	 G	
G	 G	 A	 T	 C	 T	 G	 T	 G	 A	 A	 C	 A	 G	 G	 C T	 G	 G	 G	 A	 A	 G	 C	 A	 T	 C	 T	 C	 A	 A	 G	 A	 T	 C	 T	 T	 T	 C	 C	 A	 G	 G	 G	 T	 T	 A	 T	 A	 C	 T	 T	 A	 C	 T	 A	 G	 C	 A	 	C	 A	 C	 A	 G	 C	 A	 T	 G	 A	 T	 C	 A	 T	 T	 A	 C	 G	 G	 A	 G	 T	 G	 A	 A	 T	 T	 A	 T	 C	 T	 A	 A	 T	 C	 A	 A	 C	 A	 T	 C	 A	 T	 C	 C	 T	 C	 A	 G	 T	 G	 T	 C	 T	 T	 T G	 C	 C	 C	
A	 T	 A	 C	 T	 G	 A	 A	 A	 T	 T	 C	 A	 T	 T	 T C	 C	 C	 A	 	C	 T	 T	 T	 T	 G	 T	 G	 C	 C	 C	 A	 T	 T	 C	 T	 C	 A	 A	 G	 A	 C	 C	 T	 C	 A	 A	 A	 A	 T	 G	 T	 C	 A	 T	 T	 C	 C	 A	 T	 T	 A	 A	 T	 A	 T	 C	 A	 C	 A	 G	 G	 A	 T	 T	 A	 A	 C	 T	 T	 	T	 T	 T	 T	 T	 T	 T	 T	 A	 A	 C	 C	 T	 G	 G	 A	 A	 G	 A	 A	 T	 T	 C	 A	 A	 T	 G	 T	 T	 A	 C	 A	 T G	 C	 A	 G	 C	 T	
A	 T	 G	 G	 G	 A	 A	 T	 T	 T	 A	 A	 T	 T	 A	 C A	 T	 A	 T	 T	 	T	 T	 G	 T	 T	 T	 T	 C	 C	 A	 G	 T	 G	 C	 A	 A	 A	 G	 A	 T	 G	 A	 C	 T	 A	 A	 G	 T	 C	 C	 T	 T	 T	 A	 T	 C	 C	 C	 T	 C	 C	 C	 C	 T	 T	 T	 G	 T	 T	 T	 G	 A	 T	 T	 T	 T	 T	 T	 T	 T	 	C	 C	 A	 G	 T	 A	 T	 A	 A	 A	 G	 T	 T	 A	 A	 A	 A	 T	 G	 C	 T	 T	 A	 G	 C	 C	 T	 T	 G	 T A	 C	 T	 G	 A	 G	 G	 C	
T	 G	 T	 A	 T	 A	 C	 A	 G	 C	 A	 C	 A	 G	 C	 C T	 C	 T	 C	 C	 C	 	C	 A	 T	 C	 C	 C	 T	 C	 C	 A	 G	 C	 C	 T	 T	 A	 T	 C	 T	 G	 T	 C	 A	 T	 C	 A	 C	 C	 A	 T	 C	 A	 A	 C	 C	 C	 C	 T	 C	 C	 C	 A	 T	 A	 C	 C	 A	 C	 C	 T	 A	 A	 A	 C	 A	 A	 A	 A	 T	 C	 T	 A	 A	 C	 T	 T	 G	 T	 A	 A	 T	 T	 C	 C	 T	 T	 G	 A	 A	 C	 A	 T	 G	 T	 C	 A	 G G	 A	 C	 A	 T	 A	 C	 A	 T	 T	
A	 T	 T	 	C	 C	 T	 T	 C	 T	 G	 C	 C	 T	 G	 A	 G A	 A	 G	 C	 T	 C	 T	 T	 C	 C	 T	 T	 G	 T	 C	 T	 C	 T	 T	 A	 A	 A	 T	 C	 T	 A	 G	 A	 A	 T	 G	 A	 T	 G	 T	 A	 A	 A	 G	 T	 T	 T	 T	 G	 A	 A	 T	 	A	 A	 G	 T	 T	 G	 A	 C	 T	 A	 T	 C	 T	 T	 A	 C	 T	 T	 C	 A	 T	 G	 C	 A	 A	 A	 G	 A	 A	 G	 G	 G	 A	 C	 A	 C	 A	 T	 A	 T	 G	 A	 G	 A T	 T	 C	 A	 T	 C	 A	 T	 C	 A	 C	 A	
T	 G	 A	 G	 	A	 C	 A	 G	 C	 A	 A	 A	 T	 A	 C	 T A	 A	 A	 A	 G	 T	 G	 T	 A	 A	 T	 T	 T	 G	 A	 T	 T	 A	 T	 A	 A	 G	 A	 G	 T	 T	 T	 A	 G	 A	 T	 A	 A	 A	 T	 A	 T	 A	 T	 G	 A	 A	 A	 T	 G	 C	 A	 A	 	G	 A	 G	 C	 C	 A	 C	 A	 G	 A	 G	 G	 G	 A	 A	 T	 G	 T	 T	 T	 A	 T	 G	 G	 G	 G	 T	 T	 T	 T	 C	 A	 C	 T	 T	 G	 G	 T	 C	 G	 G A	 A	 T	 G	 G	 G	 G	 A	 G	 A	 G	 T	 G	 T	
G	 C	 A	 A	 G	 A	 G	 A	 T	 C	 G	 C	 T	 G	 C	 G G	 G	 A	 C	 A	 G	 G	 T	 T	 C	 C	 T	 A	 G	 A	 G	 A	 T	 C	 G	 C	 T	 C	 C	 G	 G	 G	 A	 C	 G	 G	 T	 C	 G	 T	 G	 A	 C	 G	 G	 C	 C	 C	 C	 C	 G	 A	 G	 G	 G	 A	 C	 A	 T	 G	 A	 G	 A	 G	 A	 A	 G	 A	 G	 G	 A G	 C	 G	 G	 C	 G	 C	 T	 C	 A	 G	 G	 T	 T	 A	 T	 T	 C	 C	 A	 G G	 A	 T	 C	 T	 T	 T	 G	 G	 A	 G	 A	 C	 C	 C	 G	
A	 G	 G	 A	 A	 A	 G	 C	 C	 G	 T	 G	 T	 T	 G	 A C	 C	 A	 A	 A	 A	 G	 C	 A	 A	 G	 A	 C	 A	 A	 A	 T	 G	 A	 C	 T	 C	 A	 C	 A	 G	 A	 G	 A	 A	 A	 A	 A	 A	 G	 A	 T	 G	 G	 C	 A	 G	 A	 A	 C	 C	 A	 A	 G	 G	 G	 C	 A	 A	 C	 T	 A	 A	 A	 G	 C	 C	 G	 T	 C	 A	 G	 G	 T	 T	 C	 T	 G	 A	 A	 C	 A	 G	 C	 T	 G	 G	 T	 A	 G A	 T	 G	 G	 G	 C	 T	 G	 G	 C	 T	 T	 A	 C	 T	 G	 A	 A	
G	 G	 A	 C	 A	 T	 G	 A	 T	 T	 C	 A	 G	 A	 C	 T G	 T	 C	 C	 C	 G	 G	 A	 C	 C	 C	 A	 G	 C	 A	 G	 C	 T	 C	 A	 T	 A	 T	 C	 A	 A	 G	 T	 T	 A	 A	 A	 C	 T	 C	 C	 A	 T	 T	 G	 A	 T	 G	 A	 T	 G	 C	 A	 C	 A	 G	 T	 T	 G	 A	 C	 A	 A	 G	 A	 A	 T	 T	 G	 C	 C	 C	 C	 T	 C	 C	 A	 A	 G	 A	 T	 C	 T	 C	 A	 T	 T	 G C	 T	 G	 T	 T	 T	 C	 T	 G	 G	 G	 A	 A	 G	 T	 A	 A	 A	 C	 G	
C	 T	 C	 C	 T	 T	 A	 A	 A	 A	 G	 A	 T	 T	 T	 A C	 T	 T	 G	 T	 A	 A	 T	 A	 C	 T	 C	 A	 A	 A	 T	 C	 A	 A	 C	 A	 A	 A	 T	 G	 C	 C	 C	 G	 C	 A	 T	 T	 C	 A	 G	 G	 C	 T	 C	 A	 T	 C	 A	 T	 A	 C	 A	 C	 G	 C	 T	 A	 T	 A	 C	 G	 A	 T	 C	 A	 A	 A	 T	 G	 A	 A	 G	 C	 A	 G	 C	 A	 T	 A	 T	 G	 G	 A	 A	 T A	 G	 A	 G	 A	 T	 C	 A	 A	 C	 A	 G	 G	 G	 G	 A	 G	 G	 G	 G	 G	 A	
A	 G	 C	 T	 T	 T	 T	 G	 G	 A	 G	 G	 G	 A	 G	 G A	 T	 C	 C	 A	 G	 T	 G	 A	 T	 C	 T	 C	 A	 T	 A	 A	 A	 G	 A	 T	 C	 T	 T	 G	 T	 C	 T	 G	 A	 G	 C	 C	 T	 G	 T	 T	 A	 G	 T	 T	 C	 T	 G	 A	 G	 G	 T	 G	 T	 G	 T	 T	 T	 T	 G	 G	 A	 C	 A	 T	 T	 G	 A	 A	 A	 A	 A	 C	 C	 T	 G	 A	 A	 A	 G	 T	 A	 A T	 T	 A	 A	 C	 C	 T	 T	 C	 C	 C	 A	 A	 T	 C	 T	 A	 A	 A	 C	 C	 G	 T	 A	
T	 T	 T	 T	 C	 C	 A	 C	 A	 A	 A	 T	 A	 G	 G	 T T	 T	 G	 T	 T	 G	 G	 A	 T	 A	 C	 T	 A	 G	 T	 A	 T	 T	 T	 T	 C	 A	 C	 G	 T	 G	 T	 A	 A	 T	 T	 A	 G	 A	 A	 A	 A	 G	 G	 A	 A	 T	 T	 A	 C	 T	 T	 T	 C	 C	 A	 T	 T	 A	 T	 T	 A	 A	 C	 A	 A	 A	 T	 A	 G	 A	 T	 G	 T	 G	 A	 C	 T	 T	 T	 G	 A C	 T	 C	 A	 T	 G	 T	 T	 C	 A	 T	 T	 T	 T	 T	 T	 T	 T	 G	 G	 C	 C	 A	 C	 A	 A	
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KLK3,	 PCA3	 and	 TMPRSS2-ERG	 expression	 in	 the	 peripheral	 blood	 mononuclear	 cell	
fraction	 from	castration-resistant	prostate	cancer	patients	and	 response	 to	Docetaxel	
treatment.	
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